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PREFACE. 



It is a duty the teacher owes to his pupils to explain 
to them, or enable them to find out, the causes of the 
ordinary phenomena that daily happen before their very 
eyes. This is the object the experiments detailed in 
this book aim at. They can be performed by any 
teacher in a common district-school as well as in a graded 
school. That the experiments are entirely practicable is 
proven by the fact that they are daily performed by the 
author's pupils in the College for the Training of Teach- 
ers, New York City. The most feasible plan will be 
for the teacher, or one of the older pupils, to perform 
the experiments in the presence of the class, and then 
elicit their observations and inferences by questions. 
Their answers will frequently suggest the advisability of 
repeating experiments several times, and the experienced 
teacher will feel called upon to bring in many allied 
topics not mentioned in this book. Treating the subject 
in this way, the author has found that the book suggests 
work enough to occupy a grammar-school class two 
periods a week for a whole year. 
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PRODUCTS OF INCOMPLETE COMBUSTION: 




SECTION L 

BXPTyRTMENTS WITH FAFEB. 

Experiment 1. We lighted an old-fashioned '^lamp- 
lighter/^ and noticed that a 
strange tongue of flame con- 
tinned to burn at the lower 
end^ while the original flame 
crept slowly toward the upper 

end, the two flames being- 

separated by the charred por- ^' 

tion (Fig. 1). We blew out the tongue of flame at 

the lower end, allowing the other flame to go 

on burning, and noticed that a stream of smokefrom 

gray smoke poured from the lower end> li^J"^^,, 

which sprang into flame when a lighted 

match was brought near. 

Note. — The '^ lamp-lighter^' was made from a strip of 
newspaper, about eighteen inches long and one and a 
half inches wide, coiled mto «>i W^^ ^JwyoX. ^g^'NsbJt^^ xa.^^-- 
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ameter as a lead-penri>^,aiid nine or ten inches long. 
The upper end was f6ided over to keep it from unwind- 
ing. The lower e^A^wis left open. 

^ w 

Experiment 2.- •We coiled another "lamp-lighter'* and 
"ISif^t both ends open, holding it near the up- 
.^ ^r end between the thumb and finger to 
\ "rZSr keep it from uncoiling, and lighted it as be- 
/a; > /t\\ \ fore. 

In this case there was no tongue of flame 
at the low^r end, but the smoke poured 
from the upper end in sufficient quantity 
•' to support a flame for an instant without 
burning the paper (Fig. 2). 

Note. — The experiment succeeded best when we were 
careful to keep away from it all draughts of air. 

It was also found to work better when we used a little 
thicker paper, such as writing-paper or brown wrapping- 
paper, and were careful to roll it so as to make a clear 
tube with both ends open. 

When the flame had advanced about one and a half 
inches from the lower end we pinched the upper end, 
and the dense smoke began to pour from the lower end, 
which sprang into a large tongue of flame when a lighted 
match was brought near. When we ceased to pinch the 
upper end the flame died out below, and the gas began 
to pour from the top again, but when the upper end was 
pinched the tongue of flame appeared at the lower end 
once more. 

Experiment 3. We coiled another "lamp-lighter," 
leaving both ends open, and burned it as before, but 
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when the flame approached rather near to the upper end, 

instead of blowing it out we inverted it, having the 

charred end uppermost, and allowed the flame 

to die out slowly of its own accord. Upon gtiSm 

unrolling the end which remained unburned 

we found it stained inside with a yellow liquid. 

Experiment 4. We crumpled a sheet of writing-paper 
and burned it upon a white plate or clean surface of 
some kind, and noticed stains of the yellow liquid left 
upon the plate when the burnmg was ended. 

Note, — In the primitive days of dentistry persons used 
to moisten cotton in this liquid, and put it into a hollow 
tooth to kill the nerve. 

We also noticed during the above experiment that 
from certain portions of the paper smoke arose, which 
occasionally caught fire. 

Experiment 6. We took a wide-mouthed bottle (Fig. 3) 
which chanced to be at hand (capacity of about eight 
ounces). We made a "lamp-lighter*^ as before, of a strip 
of foolscap paper, and left both ends open. When the 
flame had made its way about two 
inches we brought the charred end 
over the mouth of the bottle, and 
pinched the upper end, causing the 
smoke to pour into the bottle, which 
slowly filled it as if it were a liquid. 
When the bottle was full we thrust 
the burning "lamp-lighter*' down into it until the flame 
entered the mouth. The smoke suddenly qa^nx"^^ %x?^v 
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and instantly burned up, leaving the bottle perfectly 
dear, whereas before it had been impossible to Bee 
through it on account of the dense smoke. 

Experiment 6. Again we caused the smoke to ponr 
into the bottle as before, filling it this time abont throe- 
fourths full (Fig. 4), and then laid a small 
piece of paper over the mouth to keep away 
draughts of air. The upper surface of the 
smoke formed a distinct dividing line be- 
tween it and the air which was in the upper 
fourth of the bottle. lu eight minutes the 
smoke had about disappeared, and the bottle 
was then almost clear, except that the bottom 
and sides appeared to be slightly tinged ""■ ' 
Bmoke yellow, as if some of the liquid noticed in Ex. 

Condsni- 3 had been deposited when the smoke con- 
densed. We now brought a flame into the 
bottle, and there appeared to be no gas inside to bum. 

Ezpenment 7. We filled a bottle with the smoky 
vapor,* as before, and allowed it to condense, 
t^td from repeating it six times until enough of the 
the imoka, liquid gathered on the bottom of the bottle 
™'*'' to form several drops, which fiowed about as 

we tipped the bottle from side to side. 

Note. — In filling the bottle several times with the 
vapor we found it to be best to close the upper end of 

* We call It vapor, becaiue we bave evidence that it ms; con- 
detue to a liquid. 
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the '^amp-lighter*' by folding it over, and begin by 
lighting it about one third the way up from the lower 
end. The vapor poured from the lower end in a large 
stream, and if we brought it against the inside of the 
bottle the cold glass condensed a portion of the vapor 
into drops of liquid quite rapidly. 

Experiment 8. We noticed that the vapor would take 
fire only while hot. We spent about half a minute in 
filling the bottle, and found that if we brought pi^gj^j^j- 
a flame into it within one minute and a quarter tempora- 
after that, a flash of light would occur, but *^®' 
when we waited longer it refused to burn. We judged 
that it cooled below its flashing point in about one minute 
and a half. 

Experiment 9. We took the bottle in which a few 
drops of liquid had been formed, and heated it by setting 
it in a basin of water and bringing it over a y ^. . 
flame. * We caused the water to boil, but failed tempera- 
te vaporize the liquid. We brought a flame into *^®- 
the bottle but no flash occurred. It appeared to require 
a higher heat than that of boiling water to change the 
liquid into the vapor state. 

Experiment 10. We collected some of the liquid in a 

* If one uses an alcohol lamp to furnish heat for experiments, 
a very convenient support for the object to be heated is an ox- 
muzzle inverted over the lamp, or a stiff wire sieve, or a tin pail 
with holes in it, or anything similar, which may be most acces- 
sible. See Fig. 6. 
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small tin box — spice-box — and heated it over a flame 
without the basin of water. Dense clouds of 
vaporiied, ^^1 smoke arose^ which caught fire when a 
^^^>J^wsm,' flame was brought near. After the smoke had 
^^' ceased to rise, the box was removed from the 

lamp, and in place of the liquid were found black specks, 
which appeared like charcoal. The characteristic odor 
had entirely disappeared, and the blackened residue was 
tasteless, odorless, and insoluble in water or alcohoL 

Experiment 11. We crowded some paper into a tin box 
and heated it over a flame. Large quantities of smoke 
arose from the heated paper, which caught fire when a 
flame was brought near. While the flame was allowed to 
bum inside of the box no smoke arose, but when the 
flame was extinguished* the smoke poured forth in 
large volumes again. 

We brought a clean piece of broken window-glass into 
the smoke which was rising from the box, and large 
drops of liquid condensed upon the glass. We con- 
tinued to heat the paper for about two hours, and 
after the vapor ceased to rise we noticed that the 
charred paper glowed and slowly wasted away, but would 
Xineral ^^* support a flame when we tried to light 
matter in it. At last the blackness all disappeared, 
J^P*'' and an exceedingly small quantity of ashes 

remained, which were white. 

We arranged an apparatus for catching the solid, 

— 

* We found that the easiest way to extinguish the flame was 
to lay a piece of paper, or something, over the box. This suggests 
a line of experiments which will be taken up in Chapter HI. 
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liquid, and gaseous products separately, as shown in Fig. 
5, in order that we might study them more completely. 




Fig. 5 

The scope of this book will not permit of a description 
of the experiment here, but it is worth while to remark, 
that among the products volatilized by heat was found 
a gas which did not condense to a liquid, though we 
caused it to bubble through water, and which burned 
with a blue flame after being completely cooled. 

Experiment 12. We filled a bottle with the vapor, and 

poured it into another similar bottle as we would a 

liquid. We poured it from the first bottle 

The vapor through a funnel into a narrow-mouthed 

bottle. We siphoned it through a tube. 

Experiment 13. The liquid which stained the sides of 
Solubility of *^® bottle did not wash off easily in water, 
the liquid, fe^t when we put a teaspoonful of alcohol into 
the bottle it all dissolved readily, forming an amber- 
colored fluid. 



General Conclusions from << Lamp-Lighter'' Expert- 
ments — ^Products of Incomplete Combustion. — 1. A 
combustible vapor is formed when ^w^t '\% >ws^'^<^ ^s^ 
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a high degree without inflaming. The 
—JJJJ^ flame which one sees upon burning paper 
is fed by this combustible vapor. 

2. A viscid liquid is formed when paper is heated to 

a moderate degree without burning, but at a 
TOod^ets higher heat this liquid breaks up into gases 
and a black residue — carbon. 

3. When paper is heated moderately, a black residue 
is left, which nearly preserves the original form of the 

paper; but this may be heated sufficiently in 
^od ta *^^ *^ cause the blackness to disappear and 

only a very small quantity of ashes remain, 
which are white. 



SECTION II. 

EXPEBIMENTS WITH WOOD. 

Experiment 14. We lighted a slender stick of wood 
about half an inch in diameter and noticed little 
tongues of flame shooting out from the end and at vari- 
ous points along the side, which suggested the tongue 
of flame at the end of the ^^ lamp- lighter*' in Experi- 
ment 1. Occasionally a little jet of flame would go out 
and a small stream of smoke would pour from the place 
where the flame had been, and perhaps this would by 
chance be wafted toward a little neighboring flame and 
get re-lighted again. The tongues of flame are some- 
times very noticeable in a burning match. Also, if the 
burning end is held uppermost a liquid may be seen to 
come out of the wood. 
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Experiment 15. We took a tin box — it chanced to be a 
baking-powder box of half a pound capacity (Fig. 6). We 
pnt into it a handful of slivere of wood and heated them 
over our lamp, determining to see 
if acombDstiblevaporconld be ob- 
tained. A gray smoke began to 
arise from the box immediately, 
which looked very much like that 
already obtained from the " lamp- 
lighter." When a lighted match 
Combnttibla was brought to the tap 
tmoke from of the box the gray '■ 

*•"*■ smoke caught fire, and a flame flashed down 

into the box, but went oat immediately. Forthwith 
some more smoke filled the box, and wae again tested 
with a lighted match, with the same result as before. 
After a short time, however, the smoke came so fast as 
to support a flame continuously. 

Xzperiment 16. While it was thns hnrning we laid a 
piece of broken window-glass over the box, and imme- 
diately the flame was extinguished; but the 
smoke began to condense upon the glass, and t»ln«d from 
aooa we had it well covered with a watery U" smoke, 
liquid interspersed with drops of a dark-brown 
liquid. The glass being heated still farther the watery 
liquid was dissipated, and the dark-brown liquid became 
hard and glossy like a varnish. After a time n^nnfw- 
the vapor ceased to flow, the atmosphere of tnro of 
the box cleared up, and we took away the 
lamp. In the box we found as nice apeclRie&(t at ■closat- 
coal as could be desired. 
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We had thus procured from the wood (1) a com- 
bustible Tapor, (3) a liquid, (3) a black solid. "We 
made a further study of the llctnid products. 

Experiment 17. We filled the box about half full of 
Blirers of wood, and placed it over the flame and inverted 
a tumbler over it, supported upon two 
sllFers laid acrose the top of the box (Fig. 
7). At first a considerable quantity of 
steam gathered upon the inner walls of 
' the tumbler, and collecting into drops 
of water ran down the sides. 

But soon the tumbler was well filled 
with a dense gray vapor, which we tried 
^'■- ' to inflame, but it declined to bum — per- 
haps because it was cooled below its flashing-point; for 
when we brought a lighted match to the mouth of the 
box the vapor arising therefrom caught fire. 

We replaced the tumbler, and the vapors collecting in- 
side condensed into drops of yellow liquid very rapidly, 
and trickled down the surface of the glass. 

In a few moments we removed this tumbler from the 
box and turned its month upward, gathering the drops 
of liquid iu the bottom, and then put a clean tumbler 
in its place over the box. As the experiment 
rf^Sa** proceeded farther it was noticeable that two 
kinds of liquid were formed, which did not 
incline to mix with one another. The flrst was thin 
and light colored; the other, thick, and of a very 
dark-brown color. 

.Experiment 18. We pat a drop of the thin U%uvd otv 
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some litmus-paper.* It made a red spot. We did the 
same with a drop of vinegar, lemon-juice, and ^^ 
many other substances which we call acids. ertiMofthe 
In each case the litmus-paper "was spotted "^^*- 
red. The liquid f ronr the wood was found to be an acid, 
which we may properly call " Burnt-wood acid.^' 

Experiment 19. The liquid was put into a small tin 
box and heated as in Experiment 10. Dense clouds of 
gray smoke arose, which caught fire when a 
flame was brought near. After the smoke had The Uqnid 
ceased to rise the box was removed from the butdMom- 
lamp, and in place of the liquid were found poied. 
black specks, which appeared like charcoal. 

The characteristic odor had entirely disappeared, and 
the blackened residue was tasteless, odorless, and in- 
soluble in water or alcohol. 

Experiment 20. The liquid stains in the tumbler did 
not easily wash off in water, but alcohol was 
used as in Experiment 13, with similar results. ^^^^*^ 

Uqnid. 

Experiment 21. We put the tin box, con- 
taining the charred slivers of wood which remained after 
Experiment 16, over the flame, and roasted them a long 
time. The tips of the slivers glowed with sparks of fire. 



* Litmus may be procured in small cubes at ten cents an ounce. 
When Ibis is boiled in water a deep-blue solution is formed. 
" Litmus-paper" may be prepared by dipping strips of unsized 
paper into this solution and allowing them to dry. We com- 
monly use this paper to detect acids. 
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but no blaze was formed. We took out a sliver of the 
charcoal and held it directly in the flame. It grew red- 
hot and wasted away, but would not burn with a flame. 

When we wafted more air into the box the slivers 
glowed more brightly. When we blew hard a flame 
appeared above them, which died out as soon as we 
stopped blowing. 

The final result of the experiment was a quarter of a 
teaspoonf ul of gray ashes. 

eluurowa. Experiment 22. Having obtained about a 

teaspoonf ul of ashes by the above method, we 

put them in a tin-box cover, and put about two table 

spoonfuls of water upon them, and heated them over our 
lamp for a few moments. Then letting the 

Lye from ashes settle to the bottom we poured off the 
. clear liquid into a tumbler. This liquid made 

the fingers feel slippery, just as potash does. We touched 

a little to the tongue, and it had the taste peculiar to 

potash. 

Experiment 23. We compared these ashes with the 

charcoal from which they came. The ashes had a peculiar 

taste, while the charcoal had none. The water 

^hBalhM ^^ which ashes had been soaked bad a peculiar 

compared taste, and imparted a peculiar feeling to the 

^th *5h**- fi^S®^^* When acid was poured into it there 

coal from was an effervescence; none of these things 

wMch they ^^^.g ^J.^g ^j water in which charcoal had been 
came. 

soaked. 

Drinking-water is frequently filtered through char- 
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coal, but we would not care to drink water that was 
filtered through the ashes which come from burning 
that charcoal. 

Experiment 24. We put a drop of the water in which 
the ashes were boiled (in Ex. 22), upon the red spot of 
the litmus-paper of Experiment 18, and it turned it 
blue again. 

We tried similar experiments with ammonia water, 
lime-water, water which contained some sale- 
ratus in solution, and water into which we had AUaUne 
put some potash. They all turned reddened S^Se mSs. 
litmus-paper blue. 

We had obtained from the ashes a substance which 
had opposite properties from an acid — an alkali. Indeed 
we had some potash like that used in soap-making. 

When potash, soda, or lime is mixed with grease in 
the proper proportions and boiled a long 
time, soap is formed. The experiment was ^^^ 
performed in the laboratory, but it is unneces- 
sary to the present line of discussion, and therefore 
omitted from these notes. 

We arranged apparatus as represented in Pig. 5, and 
obtained the same results with wood as with paper. 

General ConcluBionB from Experiments with Wood — 
FroductB of Incomplete CombuBtion. — 1. A combustible 
vapor is formed when wood is heated to a 
high degree without inflaming. The flame J^JJl 
which one sees upon burning wood is fed by 
this combustible vapor. 
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2. A viscid liquid is formed when wood is heated to 

a moderate degree without burnings but at a 
^^cSuots higher heat this liquid breaks up into gases 
and a black residue — carbon. 

3. When wood is heated moderately, a black residue 
is left, which nearly preserves the original form of the 

wood; but this may be heated sufficiently 
Jj^^^ in air to cause the blackness to disappear, and 

only a very small quantity of ashes remain, 
which are white. 

SECTION III. 

EXFEBUfBNTS -WITH A CANDLE. 

A tallow candle with a very large wick was found to 
succeed better than any other in the following ^.^^^ 
experiments. Not being able to find such a "p^' 
candle in the market, we set out to make one. i' ' 

Experiment 25. We took about four feet of II 
candle-wick, folded it fourfold, and twisted it 
Making SO that it was somewhat less than 
a candle. one foot long. 

We rolled a sheet of note-paper into a tube, 
somewhat over an inch in diameter, and tied Fig. 8 
a string around it to keep it from unrolling (Pig. 8). 

We were careful to make the tube of such a size that 
a certain cork whijjh chanced to be at hand would fit 
into the end of it. We fastened the candle-wick to 
the middle of the cork with a tack, and, passing the wick 
up through the tube, drew the cork into the lower end 
to close up the tube at the bottom. 



1 I 
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We laid a sliver of wood across the top of the paper- 
tube and tied the wick to it. We then adjusted the 
wick so that it ran as near to the central line of the 
tube as possible. 

Having some difficulty in finding tallow in the 
market, we purchased three quarters of a pound of 
fat beef or fat mutton, and cut it into small 
pieces and melted it in a half-pint tin cup. '^^7^^^^^ 
This is what is called " trying out the tallow.^' 

We skimmed out with a flat stick the pieces of con- 
nective-tissue which remained, and allowed the melted 
fat to cool a little so that it might thicken a trifle and 
be less liable to soak through the paper. We then 
poured it into our paper-mould and set it away to cool. 

The next day we unrolled the paper, and had just such 
a candle as we desired. 

We made a convenient support for it by taking a 
piece of card-board and pushing a pin up through it 
into the candle (Fig. 9). 

In a similar manner we made candles of 
wax and of paraffine. 

Experiment 26. Whenever we blew out the ^ 

candle-flame we noticed a stream of gray 
smoke pouring from the wick, similar in appearance to 
that which we had produced from the ^^ lamp-lighter.'^ 

We held a lighted match a few inches above the wick 
immediately after blowing out the flame. 
The fire ran down the smoke and lighted the Combui^ble 
candle again. This succeeded when we held ^ eondle. 
the match as mucli ew five inches from the 
end of the wick. 




i 
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Experiment 27. We rolled up a paper tube about ten 
inches long and half an inch in diameter, and brought 
it over the wick immediately after blowing out the flame. 
This guided the smoke up, and we lighted it at the top. 
When we lifted the tube a little above the wick, the 
flame ran down inside and lighted the candle again. 

We performed a similar experiment by bringing down 
over the wick a lamp-chimney instead of the paper-tube. 

Experiment 28. We performed a similar experiment 
with the student^s lamp. Directly after blow- 
smoke from i^g out the flame a lighted match was brought 
a kerosene to the top of the tall chimney; a flame ran 
down the stream of smoke and lighted the 
lamp. 

Experiment 29. We held a splinter of wood across the 
flame of the candle just above the end of 
the wick. The wood was burned in two 
places(a and h Fig. 10), at the edges of 

The dark *^® flame. A piece of white a 

centre of thread held across the flame in 

the flame. ^ similar manner was burned 

off in two places, and the short piece in ^''" ^® 

the flame fell down upon the end of the wick unburned. 

Experiment 30. We held a piece of paper horizontally 
in the flame about a quarter of an inch above the wick. 
A black circle was burned into the paper by the outer 
edgesof the flame (Pig. 11). The result was most strik- 
ing when we took heavy writing-paper and held it in the 
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flame until a black circle appeared upon the upper sur- 
face. Then removing it quickly, 
we were able to break out a disk 
of unburned paper from within 
the black circle. 



Experiment 31. We made a 
thick-paper tube about a quarter 
of an inch in diameter and about 
six inches long. We then dipped 




Fig. 1 1 
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candle 
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it in water to prevent its catching fire easily. 

With this paper tube we were able to conduct a cam' 
bustible smoke out from the centre of the candle flame. 
Holding the wet-paper tube in the hand we thrust the 

lower end into the 

centre of the flame, 

as represented in 

Fig. 12, the lower 

end being a quarter 
of an inch above the end of 
the wick. Immediately a dense 
gray smoke, similar in appear- 
ance to that which we had pro- 
duced in previous experiments 
from burning "lamp-lighters," 
poured from the upper end of 
the tube, and when a lighted match was brought near it 
supported a flame. 

The whole experiment was performed so quickly that 
the paper tube was withdrawn from the flame before it 
caught fire. 




Fig. 12 
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^ — I ■ 

The experiment is more easily performed with a simi- 
lar tube of glass or tin. 

It is quite necessary to the success of the experiment 
that the flame should be broad and large. 

With a bent-glass tube we led the smoke from the 
centre of a candle into a bottle. It appeared very much 
like the "lamp-lighter'^ smoke, and burned very readily 
when a lighted match was brought to the mouth of the 
bottle. 

Experiment 32. We put various substances of which 
candles are made, such as tallow, wax, and 

TftUow 

etc., vapor- paraffine, into a tin box, and heated them over 

^^ ^^^ All *^® lamp. 

' They melted, and after a time gave off gray 

smoke, which eventually sprang into flame of its own 

accord. 

It was noticed that they turned dark colored while 

heating, as if they all had a tendency to char. See 

Ex. 86. 

General Conclusions from Experiments with a Candle. 

— 1. No solid products remained after the candle was 
Solid pro- hurned. Leaving out of consideration the 
ducts not wick which was snuffed away, if any ashes 
detected. yfj^xQ formed from the tallow they must have 
been so slight as to have been waftedaway by the cur- 
rents of air which always exist about a flame. 

2. The candle by its own heat is melted into a liquid 
Lianid which is contained in the cup at the top. 

formed by This liquid is drawn up the wick as oil is 
melting. drawn up the wick of a lamp. 
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3. The heat of the flame converts this 
^ucts at liquid ii^to a vapor which feeds the flame just 

higher tern- as the flame of burning paper or wood is 
peraturei. j^^ ^^ ^^^^^ 

SECTION IV- 

EXPERIMENTS WITH KEBOSENE. 

Experiment 33. We put a little kerosene into a 

tumbler and thrust a lighted match down into it; the 

match was extinguished. We attempted to 

h^r a l^e ^^^^ ^'^ ^^ upon its surface, but it refused 

with to burn, 

kerosene. 

Experiment 34. We put one end of a piece 

of candle-wick or string into the oil, and let 
the other end hang over the side of the tum- 
bler (Fig. 13). After the oil had soaked up 
the wick we lighted the upper end of it, and 
it burned very well; but when we lowered the 
burning wick down into the oil it went out. 

Experiment 85. We put the oil in a cup 
and set it over the lamp, drawing down the 
wick of the lamp to make a small blaze, that we might 
heat it very gradually. 

We frequently brought a lighted match over the mouth 
of the cup to see if a combustible vapor would be formed. 

When the oil had become moderately warm a flame 
Combustible from the lighted match flashed down into the 

vapor from ^^jp precisely as it did in the box where 

kMTOseiie x--' x j 

when paper or wood was heated (Exs. 11 and 15), 

heated. ^^(j ;i^ent out, but very soon the ^^^-^ ^^'^is^ 
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fast enough to support a constant flame. See also Experi- 
ment 28. 

It was not easy to blow out this flame, but a piece of 
paper laid over the cup extinguished it immediately. 

If a person's clothing catches fire we ex- 
^^7\^^ tinguish it most easily by wrapping some- 
thing around them. For more on this sub- 
ject refer to Chapter III. 

General Conclusions in Regard to Kerosene. — 1. There 
Solid *^® ^^ ^\^ products to be considered in the 

products combustion of kerosene. They have been 
wanting. jgf|. i^ehind in the process of refining the oil. 

2. Kerosene is a liquid at ordinary temperatures just 
liquidator- *^ * candle is a liquid at higher tempera- 
dhiary tern- tures. The liquid is carried up a wick by 
peratnres. ^^ gg^j^g method in both cases. 

3. As the heat of a candle flame converts the melted 

candle to a vapor to feed its own flame, so 
products at ^^^ kerosene flame converts the liquid oil to 
Ugher tern- a vapor to feed its flame. 
peratures. jv^o/e.— Each State has fixed, by law, a de- 

gree of heat below which kerosene must not give off 

vapor sufficient to support a flame: this is 
neSt"*(rf^ called the ^^ flashing^' point. In preparing it 
kerosene for market it is kept at the required tem- 
flxed by perature until all the products which will 

vaporize at that temperature have passed off. 

4. We found that alcohol, ether, and many other 
liquids vaporized sufficiently at ordinary temperatures 
to support a flame upon their surfaces. 
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"We found that camphor gum, sulphur, and Liquids and 
such solids as bum readily with a flame were ^^^^ read- 
easily vaporized by heat. ily •npport 

We found that carbon did not under ordi- yaporiae 

nary conditions burn with a flame, and we rapidly at 

-111 • 'x ordinary 

were unable to vaporize it. tempera- 

tnres. 

We therefore Conclude from all the Foregoing Experi- 
ments : — 1. That liquids must be changed to 
gaseous form before they can burn. 2. That JJ^cm ^ 
solids must be changed to gaseous form be- the gaseous 
fore they can burn mi\iflamesy but they may !St^£"^ 
burn without flame in the solid condition. 
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KINDLING TEMPERATURE. 

Iisr the experiments where we heated paper, wood, and 
tallow in a tin box we noticed that the vapor would at 
times spring into a flame of its own accord. This sug- 
gested the idea of comparing different substances with 
reference to the temperature at which they take fire. 

Experiment 36. We rubbed a piece of iron on a piece 

of wood, and the iron soon became so warm 

Phosphonu that when we touched it to phosphrous the 

tii^^h^t*Jf latter sprang into flame, 
friction. 

Experiment 87. We put a few drops of 
carbon bisulphide into a tumbler. From its strong odor 
one would judge that it gives off a large quantity of vapor. 

We tried to light this vapor with an iron 
soipUde heated by friction. After convincing ourselves 
▼*PJ>' that it had a higher kindling temperature than 

with a rod the phosphorus, WQ warmed the iron slightly in 
heated the flame and, upon bringing it into the tum- 

■"« y- i^jgj. ^YiQ vapor sprang into a pale-blue flame. 
We performed a similar experiment with ether, and 
found that the iron had to be heated somewhat hotter 

in this case, showing that ether vapor has a 
^™ higher kindling temperature than carbon- 
lighted by a bisulphide vapor. Attempts to ignite cam- 
^"Jl®* phor gum, the vapor of turpentine, of heated 

kerosene, of alcohol, of gasolene, of heated 
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wood, and of heated paper with a red-hot iron wire 
proved unsuccessful; but the heat of the red-hot iron 
wire was found to be sufficient to ignite sulphur, the 
illuminating gas, and the gas obtained from wood and 
paper, as represented in Fig. 5. 

Variations in kindling temperature are well illustrated 
in the lighting of a coal fire. First, in the 
case of the match: the phosphorus is lighted ^j^^^ * 
by the heat of friction, the burning phos- 
phorus lights the sulphur, the sulphur lights the wood. 
When the wood of the match is on fire, we light the 
paper in the stove, the burning paper lights the wood, 
and the wood lights the coal. 

Experiment 38. We took a piece of wire-gauze, such as 
is used for milk strainers or fine sieves, and brought it 
down over a flame. The flame 
would not pass through the gauze, tingnished 
but continued to burn below. ^7 ▼^^ 

When a lighted match was ^^*** 
brought over the gauze a flame played above 
(Fig. 14), showing that a portion of the gas 
Fig. 14 which supported the flame was passing 
through the gauze unbumed. 

A similar experiment was performed with a loosely 
woven fabric, as " cheese-cloth. '^ The flame 
of a laboratory burner was extinguished by tingnislied 
bringing a single thickness of this cloth by"<^e68e 
quickly down upon the end of the burner. 
After the flame had been extinguished it was lighted 
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agiun above the cloth by a match, and the cloth haetily 
removed before it took fire. 

We concluded that the gaaze had cooled it below its 
kindling temperature, and we waited to see what would 
happen if the wire-gauze ehould become heated above 
the kindling temperature of the gae, and found that 
when it became red hot it lighted the gas above it. This 
experiment was tried with the flame of illuminating gae, 
of an alcohol lamp, of a kerosene lamp, and of a candle, 
with similiar resolts. 

In place of the wire-ganzo we alBO tried, with aaccess, 
Bome wire window-netting — holding it first in the flame 
to bum ofE the paint, and then folding it four double to 
make the mesheB closer. 

Experiment 39. We made something to represent a 
Davy's Safety Lamp, such as miners use, as follows: We 
The ninsT'i made a cylinder of wire-gauze, 
Hiaty lamp, twiated wire around it to keep 
it from unrolling, fitted corks to the ends, 
and placed a lighted taper inside. We 
lowered this into a bottle * of illuminating 
gas (Fig. 15), without igniting the gas; but 
when a free flame was brought into the 
bottle the gas caught fire. In this experi- 
ment the bottle represents the mine, which 
has become full of a combustible gas. 



• The method of filling the bottle with gas is m follows : Fill 
It flrat with water, and lay a piece of paper over Its mouth; and 
while holding this on with the Itand invert the bottle and bring 
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The miner^s word for gas is 'Mamp," and when 
he finds a gas that will bum he calls it ^^ fire-damp." 
If he brings a free flame into this he fires the mine, 
but if he imprisons his flame in wire-gauze, as is 
done by the Davy^s Safety Lamp, he may 
go into ** fire-damp" without inflaming 
the mine; but the gas entering the lamp 
will affect the flame so as to warn him to 
leave. 

In Experiment 38 we have a sugges- 
tion of a better way for performing Ex- 
periment 31. Bring a piece of wire- 
gauze into the candle flame, and hold the 
tube above it, as represented in Fig. 17. 
Smoke may be conducted up the tube so 
as to support a good-sized flame at a. 




V 



Fig. 17 



Experiment 40. We placed the candle where a draft 



its mouth UDder a little water in a basin (Fig. 16). 
may then be removed, and the bottle will remain 

full of water by at- 



The paper 




How to fill a 
botUe with 
gas. 



mospheric pressure. 
A piece of rubber tub- 
ing may be pushed over the " lava" 
tip of the gas pipe, and the other 
end of it brought under the mouth 
of the bottle by tipping it a little to 
one side, taking care not to raise it 
out of the water. When the stop- 
cock is turned the pressure on the gas in the pipe will cause it to 
flow unless the water in the basin is too deep. To make an ex- 
plosive mixture of air and gas, see txoIq Q\i^^^fv\si^\:&>x&. 



Fig. 16 
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of cool air blew upon it and noticed that 
cool tdr it caused it to smoke. We wafted air toward it 
cause flames ^yith the hand or with a fan. We carried it 

about, and in all these circumstances, when a 
cool supply of air came in contact with the flame a little 
more rapidly than usual, it produced a little smoke. 

Experiment 41. We brought cool objects into the flame 
— ^a porcelain dish, a piece of glass, even a piece of writing- 
paper, which was withdrawn before it began 
brouriit^^ to char. A little smoke was deposited upon 
into a flame all of them. From this experiment it seems 
ISioke*^ *® evident that the black substance which we 
call soot, or carbon, is passing up through 
the flame in some volatile, invisible form, and by lower- 
ing the temperature a little we arrest it before it is com- 
pletely burned up. 

Experiment 42. We held a piece of glass tubing in the 

_ , _ candle flame until a considerable quantity of 
BmoKe Q6- 

posited upon carbon had gathered upon it; we then brought 

a cool object the fflass tube into an alcohol flame, and 

disappeared 

when the heated it until the carbon all disappeared. 

object was Note, — Pure carbon requires to be heated 

to a high degree before it will burn. The 
heat of burning-paper gas is not sufficient to bum up 
the carbon of paper; hence when we burn paper we have 
the charred remains left, unless we heat to a higher de- 
gree, as we did in the tin box (Ex. 11). For the same 
reason we have a charred mass left when a match burns. 

Experiment 43. We lighted the vapor of carbon bisul- 
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phide and brought a cold object into it, and found that 

sulphur was deposited. The ** smoke" of this 
poBUed'from ^^^^^ appears to be sulphur instead of carbon, 
a carbon bi- although both are passing up through the 
flame flame in volatile form, and in spite of the 

fact that the kindling temperature of sulphur 
is yery much lower than that of carbon. The observation 
is a valuable one, although the explanation of the phe- 
nomenon may not be pertinent to the present discussion. 
The above experiment is analogous to Marsh's test for 

arsenic where a gas compounded of hydrogen 
~^^ ■ and arsenic is burned, and when a cold object 

is brought into the flame arsenic is deposited. 

Experiment 44. We tried burning a little sliver of 
pitch-pine, a little piece of camphor-gum, a piece of paper 
dipped in turpentine, etc. It would appear from such 
experiments that some fuels require a higher temperature 
than others for their complete combustion. This may 
suggest a convenient method of securing carbon in a finely 
divided condition, called *' Lamp-black.^' 

Experiment 45. Hold a tin box or glass bottle over the 
turpentine flame so as to collect a considerable quantity 
Hakinir ^^ " lamp-black. " With this a great many 
*'lamp- interesting experiments could be performed; 

blaek." |^^^ ^^^ ^^ ^^^ belong to the argument 

which we are pursuing at present. 

Observation. — It is sometimes noticed that gas-lights 
in a cold room burn more dimly than they do afterwards 
when the room becomes warm. 
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AlK AS AN AGENT IN COMBUSTION. 

It would appear from the experiments with a candle 
(Experiments 29, 30, and 31) that the combustible vapor 
burns only at the outer edges, where it comes in contact 
with the air. The foot-note of Experiment 11 suggests 
that air is necessary for the combustion of paper smoke. 
Experiment 1 would indicate that the smoke formed in- 
side of the " lamp-lighter^' could not burn until it came 
in contact with the air, while the smoke that was formed 
on the outside of the " lamp-lighter^' did burn because 
of the air. 

Experiment 46. We brought a bottle down over the 

flame, as in Fig. 18, so that 

excluding the flame was limited to the air 

air from a which was contained in the 

bottle. It struggled a moment 

and went out. 

Experiment 47. We lighted the candle 
again and brought the bottle over it as be- p|g. 13 
fore. But this time, just as it was about 
to flicker out, we lifted the bottle, exposing the flame to 
the outside air, and it revived. 
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Experiment 48. We brought a lamp chimney over 
the burning candle, and placed a piece of paper over the 
top of the chimney; the flame went out. We relighted 
the candle and held the chimney over it, leaving a space 
for the air to enter below. 

As we brought a piece of paper over the top the flame 
began to die out; when we lifted the paper again it re- 
vived. 

Query, — Why do some factory chimneys have damp- 
ers at the top? Why do we have a damper 

in the stove-pipe ? Dampem 

*^ ^ in chinuieyt 

and stove- 
Experiment 49. We brought the chimney pipee. 

down over the candle, and let it rest upon 

the card-board base so as to prevent air from entering at 

the bottom, leaving it open at the top. The flame went 

out, but not so promptly as before. 

Queries, — ^Why do we close the '^ draught '^ of the stove 

when we wish to check the fire? Why do we 

blow the fire when we wish to make it burn .^^'Ji-ii*- »» 

better? Does it not tend to cool the fuel 

below its kindling temperature ? 

Experiment 60. We brought the chimney over the 
flame, leaving it open above and below. When ^lamp- 
lighter'' smoke was brought to the bottom it was drawn 
in and carried up the chimney. When tissue-paper was 
brought to the top it was wafted upward. Evidently 
there was a current of air drawing up through the 
chimney. 

Experiment 51. We rolled paper into a large tube for 
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a chimney and cut a hole in the side, then brought this 
down over the candle, nearly closing the aperture at the 
bottom. When ** lamp-lighter^' smoke was brought to 
the hole at the side it was di'awn in and carried up the 
chimney. 

Queries. — ^Why do we haye yentilators opening into the 

V.ntilat«.. Chimney-flue? 

Laboratory Why do laboratory lamps have holes at the 
burners. ^^.^^jj^ y 



Experiment 62. We brought the phosphorus end of a 
No oornbni- match quickly into the interior of the candle 
daxk center fl^^®- The phosphorus melted, but did not 
of the flame, burn until it came in contact with the air. 



Experiment 63. We thrust a lighted splinter 

into some alcohol. The alcohol burned quietly at the 

surface, but it extinguished the jBame.from 

tion below the splinter which was dipped into it. 

^eeorfiMeof The flame of the alcohol was extinguished 

the alcohol. , , . - -. rrn- 

by laying a piece of paper over it. This sug- 
gests that the most effective way to put out a flame is to 
smother it, that is, to keep the air away from it. 
Another way would be to cool the flame below its 

Exti ffnirii l^^^^i^g temperature. 

ing fire Query. — ^Why do we throw on water to ex- 

with water, tinguish a fire ? 

Experiment 64. We filled a bottle with illuminating 
gas and plunged a lighted splinter into it. The gas 
burned at the mouth of the bottle, but it extinguished 
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the flame from the splinter. A similar experiment was 
performed with hydrogen gas^ and with the Extingnish- 
gas collected from paper, from wood, and ^"5)mbiil^^ 
from tallow, as represented in Fig. 5. tible gM. 

Experiment SS. We filled a bottle with a mixture of 
air and illuminating gas (about five-sixths air). When 
a fiame was brought to the bottle it flashed through the 
whole mass, burning it all at once. 

Note. — The gas is to be passed into the bottle as de- 
scribed in the foot-note to Experiment 39. After the 
bottle is about one sixth full of gas, allow air to pass in, a 
little at a time, by raising the mouth slightly from the 
water. 

We tied rubber-cloth over one end of a lamp-chimney 
and then filled it with a mixture of gas and air. 

When we exploded it the rubber-cloth was thrown 
into rapid vibrations from which we reasoned 
that there had been a sudden expansion fol- 
lowed by a sudden contraction. This suggests what 
sometimes happens in a mine. 

Experiment 56. We took a tube with an opening in 
the end as small as a pinhole and forced a stream of air 
through it into the dark center of the candle 
flame. The flame was made sufficiently hot L^^^^^" 
to melt glass readily. This is called a blow- 
pipe. 

Query, — ^Why do certain forms of kerosene lamps 
have a tube extending up inside of the Lamps with 
flame ? ^^^ ^^^- 
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Conclusions with Eegard to Air as an Agent in Com- 
bustion. — The air is essential to combustion. 

The first effect of decreasing the supply of air in every 
case is to cause a flame to smoke a little; that is^ the 
process of combustion is arrested in part and some car- 
bon is deposited unburned. 

If the supply of air is too great the effect is to cool the 
fuel below its kindling temperature. The best results 
are obtained by a blow-pipe or bellows so arranged as to 
carry a stream of hot air to the burning fuel. 

When air is thoroughly mixed with a combustible, 
burning may go on throughout the whole mass at once; 
(If this is sufficiently sudden it is called an explosion), 
but otherwise the combustible will burn only in those 
portions of the mass which are in contact with the air. 

Since combustion takes place where the combustible 
gas comes in contact with air 
Burning ^ follows that if air were 

a jet of air conducted through a gas-pipe 

in a bottio 

of coal- 

firas. combustible gas 

at the tip of the pipe as rep- 
resented in the accompanying figure 
(Pig. 19). We performed the experiment 
by conducting air through a tube from ^* 
the bellows and burning it in a bottle of coal-gas. 

If air is wholly excluded, combustion is impossible, 
but the combustible if heated sufficiently without air 
may be decomposed chemically into other constituents. 

Queries. — ^What is a combustible? A supporter of 
combustion? How is noise caused by an explosion? 
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into an atmosphere of any * Ad' 
combustible gas it would bum } I 'j j 
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A Reflection. — In making a definition in natural 
science we attempt merely to sum up our 
present knowledge, and not to comprehend JJ^^m 
all possible cases. For example, we may not 
say that an animal with a backbone must have two 
eyes; but we do say that vertebrates, so far as we know, 
have two eyes. 

There are many queries which no one can positively 
answer. We should learn to weigh the argu- 
ments for or against a theory but wo should ^^SulSiui 
learn to train our minds to hold open court 
continually for further evidence. 
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PRODUCTS OF COMPLETE COMBUSTION. 

Thus far we have been noting some of the phenomena 
which may attend combustion, but we have paid no at- 
tention to ihQ final products. 

When the paper, or the wood, or the candle, burn 
freely in the air the greater part of them disappears. 

The following experiments will show very plainly that 
the products which we have obtained thus far are, for 
the most x)art, intermediate substances, obtained only 
when the natural process of combustion is arrested. 

Smoke is only an intermediate product of combustion. 

The same may be said of the charred paper of the 
*^ lamp-lighter,^^ or the charcoal in the case of the wood. 

The vapor products, liquid products, and solid pro- 
ducts, except the ashes, are all merely partly burned 
material which have failed to disappear utterly, only be- 
cause there was either an insufficient supply of air, as in 
case of the vapor formed in the inside of the ^' lamp- 
lighter^^ (Experiment 1), and in case of the vapor of 
the wood in the tin box (Experiment 15), or because 
the temperature is not sufficiently high to carry the com- 
bustion to its completeness, as in case of the charred 
paper of the ^^ lamp-lighter.^' 

A few simple experiments will enable us to trace those 
substances on through complete combustion and find 
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that although they cease to be visible they still exist, 
just as' the air is invisible and yet exists in tangible form 
when, for instance, it takes on the speed of the hurri- 
cane, unroofing houses and uprooting trees. 

Experiment 67. We prepared some lime-water by 
putting a little unslaked lime into water, 
stirring and allowing it to settle, then pour- J^^f ♦., 
ing ofi the clear liquid. This liquid has a 
little lime dissolved in it and is therefore called lime- 
water. It is used for a specific purpose as we shall see 
in the next experiment. 

Experiment 68. We put some pieces of charcoal into a 

tin box and heated them over a flame. They 

glowed at the tips and slowly wasted away, gas by up- 

We held a bottle inverted * over this burning ^^"^ ^- „ 
1 ,,. , ., 11-1 placement. * 

charcoal and m a few mmutes we held a piece 

of paper over its mouth and turned it right side up. 
Then we poured into it about a tablespoonful of lime- 
water and gave it a good shaking. The lime- 
water turned milky. ^ff^ 

Experiment 59. We washed out the bottle miu^* 
and put lime-water into it while it contained 
nothing else but the air in the room, and upon shaking 
it the lime-water did not become milky. We had col- 
lected something from the burning charcoal which had 
the property of turning lime-water milky. 

* Althougli the gas formed is heavier than air at the ordinary 
temperature, it is light enough at the temperature of burning 
charcoal to be caught by "upward displacemftut," 
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Experiment 60. We brought a lighted splinter into 
fne box over the glowing charcoal of Experiment 58, and 
the flame was immediately extinguished. We inverted 
a bottle over the tin box and after a time. 
The gas ex- placing a piece of paper over its mouth, we 
a il^e. ^ P^^ ^^ right side up on the table, and when a 
lighted splinter was brought into the bottle 
it went out as before. 

We filled the bottle with water so as to drive out what- 
ever gas might be in it, and then emptied out the water 
so as to get air into it. We then brought a lighted 
splinter, for a moment, into the bottle of air and it was 
not extinguished* 

We had collected from the burning charcoal something 
which had the property of extinguishing a flame. 

Many kinds of fire extinguishers contain the necessary 
substances to generate this gas, and when they 
toeiSherg • ^^® hroken the burning fuel is enveloped in 
such a large quantity of the gas as to ex- 
tinguish the flame. 

We tried similar experiments with various burning 
substances — ^flames of a candle, of alcohol, of gas, of 
kerosene, etc. — ^and obtained from all of them an invisible 
gas which had the properties of extinguishing a flame 
and of turning lime-water milky. 

Now if no other gas will turn lime-water milky except 
Li tA ^^^ which is the product of burning carbon, 
a specifio (and so far as men have experimented this has 
test for this proved to be true) it then follows that lime- 
water may be used as a test for the presence 
of this gas. 
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Note to Teachers. — It does not add very much to the 
pupils* education to learn the name of this ,^^ ^j 
gas. It will be a mere matter of convenience nificance of 
to have some name for it, and the better that * ^*™®* 
name describes its properties, as they understand them, 
the better it will answer the purpose. 

Perhaps the name which chemists give it is not the 
best name for beginners, inasmuch as it describes prop- 
erties which they know nothing about and hence the 
name will have no significance to them. At present 
they will more naturally call it ^^ The gas which turns 
lime-water milky. " When their knowledge has increased 
farther we shall be able to evolve from experimental 
knowledge a shorter and a better name which, when 
they have learned enough about the substance to be 
ready for it, will neither be difficult to understand nor 
hard to remember. 

Merely learning the names without a knowledge of the 
things themselves appears to be a widespread fault. 

Experiment 61. We collected some vapor from a 
*^ lamp-lighter*^ which we found from Experiment 10 to 
contain carbon. We set fire to the vapor, and after the 
flame went out laid a piece of paper over the mouth of 
the bottle. 

When lime-water was put into the bottle and shaken, 
it turned milky. 

Note. — This experiment suggests what happens when 
a coal mine explodes. The bottle filled with 
the mixture of air and vapor represents the damp'' and 
coal mine filled with a mixture of air and a "choke- 
combustible gas called ^* fire-dam^/* "^Xsss^ ^*°^'^' 
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a flame comes in contact with this an explosion occurs 
in which the ^^ fire-damp** is burned up; and the miners 
say that immediately after an explosion the mine is filled 
with ^^ choke-damp** (choke-gas), which is nothing else 
than ^^the gas which turns lime-water milky.** 

We learn, therefore from the experience of the miners 
that this gas produces a choking sensation. 

It turns lime-water milky. It extinguishes a flame. 
It chokes animal life. 

It seems probable that it is not a distinct poison; but 

that it can only cause death when breathed 

The gas ^ large quantities enough to prevent the 

chokes, person from ffettiner a sufficient quantity of 

rather than .-x j,* ^• 

poisons ^^^^ 3^^^ ^ * person dies from drowning or 

animal life, smothering. It extinguishes a flame for the 
same reason. 
The flame of the splinter in Experiment 60 was ex- 
tinguished for the same reason as the flame of the candle 
in Experiment 46, namely, for the want of air. 

Experiment 62. We collected in a bottle some gas 
formed from wood, as represented in Fig. 5, and after 
burning it we tested the contents of the bottle with lime- 
water. It turned milky, proving that that gas contains 
carbon. 

By applying heat to anything which has had life, 

either plant or animal, or to those things which are pro- 

T tin f duced by living things, such as tallow, wood, 

carbon in paper, sugar, starch, etc., we may either char 

organic them and thus form carbon directly, or we 
snostances. 

may burn them and form the gas which turns 

lime-water milky, proving the presence of carbon. 



\ 
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We thus reach the conclusion that when anything 
containing carbon is burned, the carbon goes off in an 
invisible gas which is detected by its property of turning 
lime-water milky. 

This gas rises unseen, above every flame and goes 
off into the atmosphere. We shall learn from future 
experiments that it is composed of carbon The pro- 
united with one of the constituents of the air. ducte of 

When a ton of hard-coal is burned, its oq^ai^the 
carbon unites with about two and two-thirds fwl pins 
tons of the element which it takes from the of ^;heair^ 
air forming about three and two-thirds tons conauxned. 
of ^^the gas which turns lime-water milky. ^^ 

Thus when the paper, wood, candle or any fuel is 
burned up, matter is neither destroyed nor diminished 
in weight, but only changed in form. 

This first product of complete combustion 'we shall 
often meet in our study of chemistry, physiology and 
botany. 

We shall hereafter learn other important properties 
of it which will furnish occasion for a new name. At 
present we call it "The gas which turns lime-water 
milky." 

Experiment 63. We filled a bottle with water, taking 
care that the outside was perfectly dry, and 
held it about six inches above the fiame of Another 
the alcohol lamp. Considerable water gath- "Sf^^yf^^^ 

^ o conLDnBtion 

ered on the outside of the bottle and trickled is water. 

down the side, as steam condenses on {be 

window-pane on "washing day.^' 
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EzperimeDt 64. We omptied oat the water from the 
bottle and carefully wiped it dry, inside and outside. 
When it was bronght over the flame it gathered moist- 
ure again. The bottle warmed faster now than before 
when it contained water, and as we continued holding it 
there the moiatare disappeared; but whenever any cold 
thing was bronght over the flame, we noticed that it had 
a tendency to gather moisture, and the colder the object 
the more moisture would be collected. 



Experiment 66. We lighted a kerosene lamp and 
when a cold chimney was put on it, we noticed a little 
moisture gathered on 
the inside but gradually 
disappeared as the chim- 
ney became heated. 

Experiment 66. We 

held, with paper-hold- 
ers, two argand lamp 
chimneys over the flame 

I of an alcohol lamp, as 
represented in Fig. 20, 
directing the upper end 
against the window- 
pane. A considerable 
quantity of steam col- 
lected on the window- 
pane and trickled down 
in drops. 
There seemed to bo a strong npward fcnrrent through 
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the chimneys which directed the flame side-wise. This 
will be referred to again in Chapter V. 

Similar experiments, with various kinds of flames, re- 
vealed the fact that water is formed in them all and 
arises above them in the form of an invisible vapor or 
steam. 

It was noticeable, however, that a much larger quan- 
tity of water is formed from some flames than others. 

An alcohol flame yields a very abundant quantity of 
water and a comparatively small amount of carbon while 
a tallow candle yields large quantities of carbon and less 
water vapor. 

We conclude: 

1. That fuels, in general, contain carbon 

and something else which, when burned in of^^*^*^^? 

air, forms xoater. organic 

2. That most things which have been in- '^^^JJ^^ 
timateiy connected with the life process fotm, 

when burned, the same products as ordinary fuels do. 

3. That matter is not annihilated when it is burned 
but only changed in form. Dead bodies 

and oflal when cremated are changed to 

harmless substances as water-vapor, and ^^ the gas which 

turns lime-water milky. ^^ 
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®tiaptetr HJ. 

CURRENTS IN THE AIR WHICH CARRY AWAY 
THE PRODUCTS OF COMBUSTION^-l^ENTI- 
LATION. 

ExPEBiMENTS 50, 51, and 66 show that there is an up- 
ward current of air through a chimney when a flame is 
placed inside of it. Two important results are accom- 
plished by this. First, a constant supply of fresh air is 
brought to the flame to assist combustion. And second, 
the products of combustion are carried away from the 
flame so as not to interfere with its burning. 

In a measure, every furnace is a blast furnace, but 
when more vigorous combustion is desired, 
J^J^ a stronger blast is produced by mechanical 
devices. 

Ordinarily, the flame of the candle points upward, in 
whatever position the candle may be held ; but not so if, 
by any means, we are able to change the direction of the 
currents of the air. If the currents blow sidewise, the 
flame points sidewise; if downward, the flame points 
downward. Kecall experiments 66 and 56. 

By means of the blow-pipe the flame may be made to 
take any direction desired. The same thing may be ac- 
complished by moving the flame rapidly through the air. 

Experiment 67. We investigated with ^^ lamp-lighter^^ 
smoke and with tissue paper, the currents of air in the 
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vicinity of an uncovered flame. There was found to be 
a slight movement of air from all sides toward the flame 
and a strong upward current over the flame. 

The burning candle may be used to illustrate storm 
centers. Currents of air move from all sides toward the 
storm and at the center there is an upward 
current. By this means, air laden with cenSs 
moisture is carried up into the cold regions 
above and the moisture is deposited as rain, just as the 
moisture which was carried up the chimney in experi- 
ment 66 was deposited as water upon being cooled. 

After the air, which has been carried up in a storm, 
becomes cold and dry it comes down again at some dis- 
tance, and there we have particularly fine weather. And in 
that region the barometer indicates that the air is heavier 
than usual, while at the storm center the barometer 
stands low, showing that the air is lighter than usual. 

These are technically called "areas of high pressure^* 
and "areas of low pressure.' 



yy 



Experiment 68. We cut holes in the cover of a paste- 
board box, or cigar-box, and having placed a lighted 
candle in one of them as represented in Fig. 21, we 
covered them both with lamp-chimneys (a) and (^). 

When paper-smoke was brought to the top of chimney 
(^) there was found to be a strong downward current. 
The smoke was carried along through the box and up 
chimney (a). 

Chimney («) represents an **area of low pressure, ^^ 
and chimney (^) an "area of high pressure.'^ 

By this means an underground cov^yh \jB\^ci^\i^^«^- 
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tilated. Let the box represent a coal mine, and the two 




Ventilation. 



Fig. 21 

lamp-chimneys, shafts leading from the sur- 
face of the earth down to the mine. If a 
fire is built in one of them, it will cause fresh air to be 

carried down the other 
and circulate through 
the mine. 

A building may be 
ventilated by a similar 
plan as represented in 
Fig. 22. 

The position of a 
furnace is represented 
at (a). Hot air is car- 
ried by the pipe (J), 
and smoke by the pipe 
Fig. 22 (c). The hot air rises 

to the top of the room (d). The air is drawn out at (/) 
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and carried up the flue {h) by some source of heat, as 
an oil-stove, at {g). 

We represent the same thing in a more concise form 
by the following experiment. 

Experiment 69. We placed a common lamp-chimney 
over a lighted candle (fig. 23), so that no air could enter 
at the bottom. We cut from 
sheet -tin a piece such as is 
represented (a), and suspended 

this inside the chimney. When 
paper smoke was brought to the 
top of the chimney, it was found 
that there were downward cur- 
rents on one side of this parti- 
tion and upward currents on the 
other. 

Thus, the chimney being well 
ventilated inside, the flame burned all right. Fresh air 
was carried into the flame on the left side of the parti- 
tion, and the products of combustion were carried out 
on the right side of the partition. 

When the top of the chimney was covered at the left 
of the partition, the flame went out for the want of fresh 
air. When the top of the chimney was covered at the 
right of the partition, the flame went out, being choked 
by the products of combustion. 




Fig. 23 



Experiment 70. We tied a rubber tissue bag over the 
mouth of a bottle, as in Fig. 24 (a), arranging it so that 
it sagged down inside, but taking care to fasten it per- 
fectly air-tight. 
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The rubber balloon from a child's ^^ penny whistle'^ 
may be used for the tissue 
bag. 

While holding the bottle the 
heat of the hands caused the 
air inside to expand, as was 

ExpanBion shown by the rub- 
ofairby ber tissue. But 
^^*- when the bottle 

was slightly warmed over a 
flame the expansion of air in- 
side stretched the bag to its 
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Fig. 24 



utmost capacity, as represented at (J). 



Experiment 71. We inverted a bottle in a dish and 
poured in enough water to seal the mouth. We clasped 
both hands around the bottle, holding them there several 
minutes. Bubbles of air constantly escaped from the 
bottle through the water. 



Experiment 72. We heated the bottle over the flame 
and held its mouth under water while it cooled. The 
water rose until it filled the bottle more than a quarter 
full. 

This suggests what may be seen any time in the kitchen 
when tumblers are washed. When they are brought out 
of hot water and inverted on the table, the cold air which 
is inclosed by them becomes heated and expands. It 
may be seen bubbling out through the water which drains 
down from the sides of the tumbler upon the table, and 
seals the mouth. 
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After the tumbler begins to cool, the air may be seen 

bubbling in again through the water. 

This also suggests the air thermometer, which may be 

understood by the accompanying Fig. 35. It consists 
of a tube with a bulb on the upper xheair 
end. A scale is appended to the tube, thermom* 
and the lower end dips into a liquid. ®^®'' 
The bulb is warmed, and air bubbles out through 
the liquid. When it cools, the liquid rises up the 
tube. Slight variations in temperature cause 
the air in the bulb to expand or contract, and 
the movements of the liquid in the tube can be 
noted from the scale just behind it. 

By referring to Fig. 31 we shall now be able 
to explain the cause of the currents of air. The 

candle flame heats the air in chim- ^ ^ ^ 
_.., _ How neat- 

Pi 26 ^®y ^y causing it to expand, and ingair 

some of it is thus driven out of the cauBes 
chimney. Chimney i now contains more 
air than chimney rt, and presses down more heavily 
on the air in the box, pushing some of it up into 
chimney a. 

This is the explanation of the currents of air in the 
ventilation of buildings; of the currents of air in our 
atmosphere which we call winds; of the currents of 
water in a vessel where one portion is heated more than 
another; and of ocean currents. 

Query. — Why are factory chimneys made so tall? 

Experiment 73. To show that the air has weight, we 
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tied rubber-tissue over the large end of an argand lamp- 
chimney, taking care that 

^^ it should be air-tight (Fig. 
26). We filled this with 

water, and holding a piece of paper 

over the top, we inverted it, bringing 

the small end into a little water, and 

then removed the paper. As the water 

attempted to recede from underneath 

the rubber-tissue, the weight of the air 

above stretched it downward with con- 

Ite weight siderable force. 

compared In a room sixteen feet 

r^^^of ^^^^^ ^^*®®^ ^®®* ^^^®^ ^^^ *®^ ^®®* ^^^ *^® 

flour. air weighs about as much as a barrel of flour. 




Fig. 26 
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Experiment 74. We put a piece of crumpled paper 
on a plate, and having set fire to it we inverted a tumbler 
over it and poured water into the plate to seal the mouth 
of the tumbler. 

After the blaze was extinguished from the paper the 
water rose rapidly in the tumbler. 

This experiment is sometimes performed to show that 
a part of the air is burned up. It is however, not a 
satisfactory proof of this statement: first, because con- 
siderable of the air in the tumbler was expanded by the 
heat of the burning paper and driven out. Water rose 
in the tumbler, when it cooled for the same reason as in 
Experiment 72; and, second, because the gas formed by 
the burning paper occupies as much space as the portion 
of the air consumed. 

The following experiment gave more satisfactory re- 
sults:* 

Experiment 76. We dropped a little piece of clean 
phosphorus * into a test-tube and crowded a small piece 

* Phosphorus is not eicpensive, and can be obtalDed without 
difficulty. It should be kept and cut under water, because it is 
liable to take fire. In the above experiment the piece was no 
larger than a pea, and it was thoroughly scraped to render the 
surface fresh and clean. 




6o SIMPLE EXPERIMENTS, 

of wire-gauze about half way down the tube, then in- 
verted it in a tumbler containing a little 
water (Fig. 37). 

The phosphorus rested upon the wire- 
gauze. After a day or two, it was found that 
the water had risen in the test-tube. We 

poured water into the tumbler ''^^ 

Oxygen so that it stood at the same level outside and 

conBtitntes jj^gi^^ ^^g ^^l^^^ 

0X16 nrcn or 

the air. The depth of the water was found to be 

one and one-fifth inches, and the length of 

the test-tube was six inches, showing that about one fifth 

of the air in the tube had been removed. 

Placing the thumb tightly over the mouth of the test- 
tube while it was under the water, we raised it, and turn- 
ing it mouth upward, tested it with a glowing piece of 
charcoal. 

The fire was immediately extinguished from the char- 
coal when it was brought into the mouth of the test- 
tube. 

Evidently that portion of the air which the phos- 
phorus had removed is the part which supports com- 
bustion. This has been arbitrarily named oxygen. That 
which remained in the test-tube is called nitrogen. 

When the clean phosphorus was introduced into the 
tube white fumes were formed, which eventually dis- 
appeared, and the water in the tumbler showed slight 
acid properties at the close of the experiment. 

Experiment 76. We put about a tablespoonful of 
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chlorate of potash into a small spice-box and heated 

it over a flame. It soon melted, and ap- 

peared to boil. We brought a lighted a gas from 

splinter into the mouth of the box, and it cWorate of 

burned very brilliantly. We brought a piece 

of glowing charcoal into the mouth of the box, and it 

burned rapidly. 

\Ve held a bottle inverted over the burning charcoal, 
and afterwards tested its contents with lime-water, and 
the lime-water turned milky. 

If we mix black oxide of manganese with the chlorate 
of potash, the gas will flow more gradually, and will re- 
quire less heat to produce it. 

Experiment 77. We arranged an apparatus as re- 
presented in Fig. 38, filling the test-tabe about 




Fig. 28 



one-third full of a mixture of equal parts of 
chlorate of potash and black-oxide of man- colleotinff 
ganese, and heated it in the flame, taking the gas 
care not to melt the rubber stopper in the ^^^ water, 
test-tube, and moving the flame to and fro so as not to 
heat the test-tube all in one place. 

With this arrangement we collected several half -pint 
bottles fuU of the gas, and covered them witk ^^.t ^^b^^53t. 
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Experiment 78. With a penknife we dug out a 
cup in the large end of a piece of black, 
A "com- board crayon about one inch long, 
bastion and attached a wire as represented 
spoon. 1^ -pjg^ 29. This serves the purpose 

of a "combustion-spoon/^ 

Experiment 79. We poured a little lime- 
water into a bottle of the gas formed in Ex- 
periment 77, and shook it well. It did not turn pijTza 
milky. 

We laid a short piece of charcoal across our "com- 
bustion-spoon," and held it in the flame 
Carbon until it began to glow, and then brought it 

the gas. ^^^^ ^^ bottle of gas. It burned brilliantly. 
We then shook up the bottle of lime-water> 
and it turned milky. 

It appears that this gas is the same as that portion of 
the air which supports combustion, namely, oxygen. 

We note that things would burn much more bril- 
liantly if our atmosphere were composed entirely of 
oxygen. 

Since the gas which turns lime-water milky is com- 
posed of carbon and oxygen, it might be appropriately 
called carbonic oxide. 

Experiment 80. We put a little sulphur into our 
^^ combustion spoon" and lighted it in a flame. 
Sulphur The gas which arose from the burning sul- 
tbegas. phur had the familiar odor of a burning sul- 
phur match. When it was brought into a 
bottle of the gas formed in Experiment 77 the sulphur 
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burned with a beautiful blue flame, and the bottle was 
filled with fumes which had the same odor as those 
arising from sulphur when burning in the air. This 
is additional proof that the gas is the same as that por- 
tion of the air which supports combustion. 

These fumes of burning sulphur turned wet litmus- 
paper red, thereby showing that they had acid prop- 
erties. 

Experiment 81. We put a small piece of phosphorus 
into our "combustion-spoon^^ and lighted it. The 
white fumes which were noted in Experiment 
75 were formed abundantly while it burned Phosphoms 
in the air, but much more abundantly when ^^ ^^ 
it was brought into a bottle of the gas formed 
in Experiment 77, where the phosphorus burned with 
great brilliancy. The fumes turned wet litmus-paper 
red, showing acid properties. 

We have in this experiment additional proof that the 
gas formed from chlorate of potash is the same as the 
oxygen of the air. 

Experiment 82. We took a broken watch-spring 
(which the jeweller seemed glad to give away), 
and, having straightened it by drawing it A watch- 
between the thumb and finger, wo tied a i^J^in 
little piece of string around one end of it, and the gas. 
dipped this in melted sulphur. We then 
lighted it, and brought it into a jar of the oxygen. The 
sulphur soon burned up but in so doing it set fire to the 
watch-spring which burned, in a startling manner. 

We took precaution to have a little water in the bot- 
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torn of the bottle during this experiment to prevent bits 
of burning steel from cracking the glass. 

At the close of the experiment the sides of the bottle 
.^H^l^^ were well covered with a brown substance 

caases iron which looked like iron rust, 
to nut. rjij^j^g suggests that it is the oxygen of the 

air which causes iron to rust. 

Experiment 83. We put some lime-water into a bot- 
tle, and having breathed into it a few times 
Curbonic we shook it up and it turned milky, 
the lungs. ^^ would appear that we breathe in air 

containing oxygen and breathe out carbonic 
oxide. 

Is there something analogous to combustion which is 
going on inside the body? 

Carbon in Experiment 84. We took some animal 

animal matter, — ^bone or cartilage, lean or fat meat, 

°^***'' hair or nails — ^and heated them. They char- 
red, indicating the presence of carbon, and when we 
burned them, carbonic oxide was formed, as was shown 
by the lime-water test. 

Experiment 85. We made some hydrogen gas and 
burned * it. When a cold dry bottle was brought over 
the flame, water, was deposited upon it. 

* Those who are not familiar with hydrogen are advised to study 
the chapter on that element in some chemistry where all the neces- 
sary directions for the manipulation of the experiment will be 
found. 
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This seems to indicate that water is com- ^ ^ 

, . 1 T , 1 . 1 • Water oom- 

posed of hydrogen and oxygen, which is potedofhy- 

f ound to be a fact by experiments more ex- ^ogen and 
tended than we can pursue at present. 

The fact that we obtained water as one of the products 
of the complete combustion or oxidation of 
various fuels, seems to indicate that hydrogen J^^^J^^ 
is one of their constituents. 

The large quantity of water which is eliminated from 
the body by means of the lungs, skin, and 
kidneys, shows that hydrogen is an important S'i^J^fJSy 
element in it. 

Is any of the water which leaves the body due to the 
oxidation of hydrogen by a process analogous to com- 
bustion? 

Conclusion. — One-fifth of the air is oxygen. 

This oxygen unites with fuels in the process which 
we call combustion, forming with their carbon, carbonic 
oxide, and with their hydrogen, water. 

In the process of respiration, it may be supposed that 
the oxygen of the air unites with the carbon of the body 
to form carbonic oxide, and with the hydrogen 
of the body to form water. Although one may ©xide and 
not determine positively about the chemical ^**^ , 
changes which go on inside of a living body, it fermenta- 
is probable that these results are brought about ^^^ *"** 
by a long series of chemical changes which 
are more nearly akin to the processes of fermentation 
and decay. The processes of fermentation and decay of 
organic matter result in the formation of carbonic oxide 
and water. 
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Oxygen rusts metals and unites with many other classes 
of substances, forming compounds which are called oxides. 

Nearly all the remaining four- fifths of the air is a gas. 
Nitrogen called nitrogen. 
in the air. Queries. — Is nitrogen poisonous? 

Why does it put out a flame? 

Would it extinguish life for the same reason? 

If carbonic oxide contains the oxygen which it obtained 
from the air, why does it extinguish a flame while air 
supports a flame? 

For an answer to this query look in some chemistry 
for the distinction between a chemical compound and a 
mechanical mixture. 

If carbonic oxide is a product of animal respiration, 
of combustion of fermentation, and of decay, is our 
atmosphere becoming surcharged with it? 

Look in some botany to see what the vegetable king- 
dom does with carbonic oxide. 
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CHEMICAL CHANGES. 

The study of the natural and physical sciences depend 
so much upon the knowledge of chemical changes that 
it seems appropriate to close this Introduction to the 
Study of Science with a chapter on chemical changes. 

All living things whether animal or vegetable, devote a 
large part of their energy to the process of taking food ; 
which, in short, is the process of taking outside substance 
into the body, putting them through chemical changes, 
and making them a part of the body. 

A knowledge of chemical changes, there- 
fore, will help us to understand the process things com- 
of making flesh and blood, P??®J 

Animals and plants are made up, for the four ele- 

most part, otfour elementary substances, one "pottte: car- 

T 1 J j.T_ hon, nitro- 

solid and three gases. gen^ hydro- 

The solid is carbon. The three gases are fS^^i w*^ 
nitrogen^ hydrogen, and oxygen. These four ®^^®^* 
substances, combined in various ways, constitute living 
things. 

It is a very familiar fact, that by heating animal or 
vegetable substances we may char them^ \.e.,\\55ak»^'i^sg^ 
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the gases present, and leaves behind the well-known black 
solid which we call charcoaly when it is obtained from 
vegetable substances ; and, when it is obtained from 
animal substances, it is sometimes called animal char- 
coal to indicate its origin. Both, however, are one and 
the same thing — tlie all-important elements — carbon. 

Experiment 86. Put some sugar on a tin dish and 
set it on the top of the stove, or heat it over a flame. 
Carbon from ^^® other elements of the sugar are driven 
sugar by off and the charred mass which is left behind 
^•*^' is carbon. 

Taste it after it is thoroughly charred and notice that 
the sweetness is entirely gone. Try its solubility in 
water. Compare it with sugar in this respect. 

It was noticed in experiment 32, that when fats are 

heated they turn darker color as if some carbon was 

formed in them. This is true. Pats decom- 

d^mpMo P^*^® ^® *^® sugar did in the above experi- 
below their ment before they reach the boiling point. 
^iS^ When they appear to boil it is generally due 
to the water in them which is driven off as 
steam. 

The same thing is noticed when a sugar solution is 
heated. It turns darker colored because of the small 
particles of carbon which come from the gradual decom- 
position of the sugar. 

See also experiment 10. 

Experiment 87. Take about a third of a tea-cupful of 
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boiling water, set this upon the stove or over a flame 
and stir into this, sugar enough to make cj^,|^^^„^ 
a syrup so thick that a slight crust will sugar by 
form upon it when it cools. Now set the rolpJ^^® 
cup containing the syrup into an earthen 
or glass dish, it should be a dish of three or four 
quarts capacity, and pour strong sulphuric acid slow- 
ly into the syrup while stirring 
constantly. Very soon the sugar 
solution is changed to a black 
spongy mass which swells up and 
fills the tea-cup and perhaps a good ^*-'' '® 

part of the dish. See Fig. 30. 

In this case the sulphuric acid has taken the other ele- 
ments of the sugar to itself and left the carbon in the 
form of this black spongy mass. Wash this several times 
by stirring it up with water and draining it off. Kepeat 
this until the sour taste of the acid is removed. Com- 
pare the product with that obtained in the last experi- 
ment, as to taste and solubility. 

The foregoing chapters furnish abundant evidence 
that organic substances contain carbon, which is the 
corner-stone of all living things; also, that organic things 
contain an admixture of mineral matter which we call 
ashes after the organic portion has been dissipated by 
heat. 

How are we to understand that gases added to carbon 
may make all the varied forms of organic things? 

A few experiments may help us on toward that con- 
ception. 
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Experiment 88. Put into the palm of the hand a little 
Two solids ^iislaked lime and a little sal-ammoniac. Eub 
nnite to them together with the thumb and fingers 
form a gas. ^^ ^^ other hand. Ammonia gas will arise 
Making ^ the result of chemical action, 
ammonia. In this case we have put two solids to- 

gether and formed a gas. 

In the next experiment we shall put two gases together 
and form a solid. 

Every one knows that the odor of liquid ammonia is 
due to a gas which is escaping from it. Similarly, an- 
other kind of gas arises from a bottle containing strong 
liquid hydrochloric acid. 

Now we may bring these two gases together by open- 
ing the mouths of the bottles containing the liquids near 
each other. 

A more satisfactory way of trying the experiment will 
be the following : 

Experiment 89. Put a few drops of ammonia water 
Two gases ^^^^ * tumbler, or a wide-mouthed bottle, 
unite to and a few drops of strong commercial hydro- 
form a solid. QijiQj.iQ a^ji^ into a similar vessel. 

The gases will rise and fill each of the vessels. Cover 
them both with pieces of paper to prevent the 
gases from escaping. 

Invert one vessel over the other, and slide 
out the pieces of paper from between them so 
as to allow the gases to come together. See 
fig. 31. 

FI9. 31 Immediately a dense cloud of small white 
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particles is formed, which, after a time, are deposited 

upon the bottom and sides of the vessels. Of 

course a very exceedingly small quantity of j^JittoSa!?^ 

solid matter must be expected from so small 

a quantity of gases. 

The substance which we have formed in this experi- 
ment is nothing else than sal ammoniac^ such as was 
used in the last experiment, and such as is used in bat- 
teries for ringing electric bells. 

If the process of mixing, in experiment 88, is con- 
tinued for some time it will be noticed that the sub- 
stances grow moist and tend to liquify. If - j. , 
the substances were sufficiently pure and unite to 
taken in proper proportions, they would be f?""i * 
completely liquified m time. 

In the next experiment we shall suddenly convert two 
liquids into a solid. 

Experiment 90. Put two or three tablespoonfuls of 

water into a tumbler and dissolve „ „ ,^ 

Two li^uidi 

m it about the same bulk of cal- unite to 

cium-chloride. Into this solution '<*™ * 

solid, 
pour, slowly, strong sulphuric 

^'••^ acid while stirring constantly. The whole 
will solidify and ^^set^^ in the tumbler so n^jin- 
that it may be inverted without losing any of " pUiter of 
its contents. (See fig. 32.) ^"^^ 

It is ^^ plaster of Paris." 

Notice the odor of hydrochloric acid during the 
experiment. 

Notice how heat is produced by the chemical action. 
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Query. — If oxygen uniting with the carbon and 
Heat pro- hydrogen of fuek produces heat; if lime 



dacedin 
chemical 
action other 
than com- 
bastion. 



uniting with water produces heat; if sul- 
phuric acid uniting with sugar solution pro- 
duces heat; and if sulphuric acid uniting 
with calcium-chloride produces heat, what do 
these facts signify? 

Notice also the change of temperature when 
sulphuric acid is put into water, also when the 
following is put into water: 

A mixture of two parts ammonium nitrate 
and one of ammonium chloride, pulverized. 
Examine the " plaster of Paris" formed in the above 
experiment, and see how unlike it is to either of the 
substances with which we started. Consider how very 
soluble the calcium chloride was. Try the solubility of 
this. 

In the next experiment we put a solid and a liquid 
together to form a gas. 



How tem- 
perature ii 
affected in 
makhig 
tolntions. 

Freeiing 
miztores. 



Experiment 91. Take some carpenter^s chalk 
board crayon is not chalk, but is ^'plaster 

of Paris," such as was formed 
A solid and in the last experiment), put it 
nidteilo ^^^ some dilute * hydrochloric 
form a gas. acid in a bottle (Fig. 33). Gas 

is formed abundantly, which 
bubbles up through the liquid and fills the 
bottle above. Plunge a lighted splinter into 



(black- 
Fig. 33 ' 




* About 10 parts of water to 1 of acid. 



CHEMICAL CHANGES, 73 

the mouth of the bottle. It is immediately extin- 
guished. 

Invert another bottle over this, and test its contents 
with lime-water. It turns milky, showing that car- 
bonic oxide, with which we have already 
become familiar, is formed. ^^^^ * 

Allow the process to go on as far as it will, formed 
and then pour out the liquid contents of the ^™a]^ 
bottle into an open dish, — a saucer, for in- 
stance, — and warm until all the liquid has evaporated. 
Examine the solid which is left in the saucer. Notice 
how unlike it is to the chalk with which we started. Con- 
sider how insoluble chalk is; try the solubility of this. 
It is calcium chloridey such as was used in the last ex- 
periment. 

We put chalk and hydrochloric acid together, 'and ob- 
tained from them as a result of the chemical changes car- 
bonic oxide and calcium chloride. 

Note. — If suitable proportions of chalk and acid could 
be taken there would be none of either left over at the 
close of the experiment. The bottle in that Deflnite 
case would contain only calcium chloride and propor- 
water. **•'"• 

If an excess of chalk is taken it will appear to dissolve 
until the acid is all used up, and then the action will 
cease. The bottle in this case will contain calcium 
chloride, water, and the chalk which remains. In like 
manner, if an excess of acid were taken the chalk would 
all disappear, and some acid would still remain in the 
solution of calcium chloride and water at the close of the 
experiment. 
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We may substitute, in place of chalk, marble, shells, 
or anything called a carbonate. Try putting 

a Uouid ^^ upon wood ashes. 

unite to If we allow the lime-water which has been 

soSi.* turned milky by carbonic oxide to stand, a 

white powder will be found to settle at the 

bottom, and the liquid will become clear. 

The white powder is chalk, and is produced by a 

chemical change between the lime-water and 

JlJ^^ the carbonic oxide. 

If suitable proportions of lime-water and 
of carbonic oxide are used, none of either will remain, 
but they will be wholly converted into chalk and 
water. 

The chalk and water looks milky or turbid — ^just as 

water would with finely powdered chalk stirred into it. 

Chemical changes still more wonderful than all these 

are constantly going on in the body, and by 

Cliemical them various food-stuffs are changed into 

in the body, body-tissue. 

A convenient way of expressing what hap- 
pens in the case of such chemical changes as the above is 
by using equations somewhat as follows: 
Calcium Chloride + Sulphuric Acid = ^'Plaster of 
Paris *' + Hydrochloric Acid. (Some hydro- 
^n^ons chloric acid was formed in this experiment 
and was absorbed in the ^'plaster of Paris. ^^ 
It may readily be detected by its odor if we heat 
some of the " plaster of Paris'^ in the above experi- 
ment.) 
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Chalk + Hydrochloric Acid = Calcium Chloride + Car- 
bonic Oxide + Water.* 
Lime-water + Carbonic Oxide = Chalk -(- Water.* 
Lime -j- Sal Ammoniac = Calcium Chloride -f- Water 
+ Ammonia. 

* Some water was formed in these experiments in addition to 
the water of the original solutions. 
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CHAPTER I. SECTION I. 

Experiment 9, page 15. — If one is situated so that 
illuminating gas is at hand, a Bunsen burner, such as is 
used in laboratories, and which may be procured for 
forty-five cents, is the best thing to use for experiments 
Lamps which require heat. A piece of gas-tubing, 

which pro- j [j^^j^ internal diameter and long enough to 
for ezperi- reach from the nearest gas-jet to the burner 
mento. upon the table, will be needed, and the very 

best quality will cost about thirteen cents a foot. If gas 
is not at hand, the next best thing is an alcohol lamp; 
an excellent one can bo procured for forty-five cents, and 
alcohol should cost sixty cents a quart. Both the alcohol 
flame and the Bunsen burner flame possess the advan- 
tages of supplying a large quantity of heat and of pro- 
ducing no smoke. 
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Test-tubes, six inches long by three quarters of an inch 
in diameter, cost thirty-five cents a dozen, and 
have such a variety of uses that one cannot 
well afford to be without them. They are calculated to 
endure sudden changes of temperature, but are easily 
broken by careless handling, since the glass is nearly as 
thin as paper. 

Experiment 10, page 15. — A test-tube may be used 
to advantage in this experiment. 

Allow the end of the lamp-lighter to project into the 
mouth of a test-tube which has been put into 
a tumbler of water to keep it cool (Fig. 34). SqSd^tol 
In this way the vapor condenses so rapidly test-tube 
that a thimbleful of liquid may be obtained J^^^^^ 
from three or four lamp-lighters made from 
brown paper. The test-tube containing the liquid may 
then be brought directly 
into the flame of a lamp, 
and a convenient way to hold 
it will be suggested by refer- 
ring to Fig. 20, page 50. 
The liquid soon vaporizes, 
and pours forth from the 
mouth of the test-tube in 
such quantities as to support 
a large flame. The charred 

mass which is left at the close of the experiment can 
best be examined by breaking the tube; and, since it is 
a very difficult task to clean it, the tube will be willingly 
sacrificed. 
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By the following method we obtained as much as a 
tablespoonful of liquid from one sheet of a daily news- 
paper : About one quarter of the sheet at a time was 
rolled up and pack- 

Liqnidfrom ed into the lower 

one sheet ^^i ^f ^ test-tube 
of news- 
paper. (Fig. 35), through 

the stopper of which 
passed a short bent delivery- 
tube, which reached down into 
a small bottle immersed in a Fig. 3B 

tumbler of water to keep it cool. In this way a large 
part of the vapor from the heated paper was condensed 
in the small bottle, and then sealed up and labelled, to 
be kept as a specimen. 
Full directions for bending glass-tubing can be found 
in the author^s Manual of Home-made Ap- 
paratus, page 4. The best glass-tubing should 
not cost over fifty cents apound. The most 
useful size will be that which is from one eighth to three 
BendUur sixteenths of an inch internal diameter, and 
glaie- there will be at least twenty-five feet of it 

tubing. jj^ ^ pound. The tubing can be bent in any 

kind of a flame ; candle, kerosene lamp, alcohol lamp, 
or ordinary gas flame. The latter is the best. 

The best rubber stoppers, and the cheapest, cannot 

be purchased at the ordinary drug-stores. The best way 

is to order them by mail from some of the 

Sonneri large houses, such as Messrs. Eimer & Amend 

of New York City, or Jas. W. Queen & Co., 

Philadelphia. They should always be " pure gum/* and 



Cost of 

glass- 
tubing. 
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although the first expense is considerable, they ar( 
far the most satisfactory and the cheapest in the ( 
The stoppers may be purchased with one or with 
perforations. These will fit the tubing already n 
tioned, and, whenever the stoppers are to be used w 
out perforations, they are easily plugged with a 1; 
piece of wood or glass rod. 

The stoppers are sold by weight, and should not 
over two dollars and seventy-five cents a pound. 

Those sold by Eimer & Amend are numbered 

cording to the following table, which is given for 

convenience of those wishing to order by mail : 

Table bxhibiting Prices and Sizes of Hubbbr Stop: 

accordino to numhbb. 



Number. 


Diametpr at 
Bottom. 


Diameter at^ 
Top. 


Approximi 
Price Eac 


00 


Ai 


inch 


Ai 


inch 


2centf 





A 
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lA 
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28 '- 
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lA 
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Experiment 11, page 16. — The ashes obtained f 
a twelve-paged newspaper, according to the 
method of Experiment 11, could all be piled ^ tweh 
upon a good-sized tablespoon, and they were pafir© n 
found to weigh one sixteenth of an ounce, J*^'* 
while the paper from which they came weighed 
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and a half ounces, or forty times as much. They were 
sealed up in a small bottle, labelled, and kept as a 
specimen. 

Query. — Is there any flame inside of a burning lamp- 
lighter? 

The experiments of Sec. 1 furnish a good pretext for 
having reports made by pupils upon : 
The uses of creosote. 
The manufacture of paper and some of its various 

uses, such as making car-wheels, etc. 
Tinctures, etc. 
Information on such subjects will readily be found in 
a cyclopedia. 

It should be particularly noted that the mineral mat- 
ter found in paper is partly derived from the vegetable 
material of which the paper was made, and was taken 
from the soil by the plant, but in many cases much min- 
eral matter is added to the pulp in the manufacture of 
paper. 

CHAPTER I. SECTION 11. 

Experiment 15, page 19. — It may be necessary to 
heat the box quite a long time before vapor will be pro- 
duced in sufficient quantities to catch fire. Whenever 

air and a combustible gas are mixed, the pro- 
Belative portion of combustible in the mixture must 
qnantitiM reach a certain limit before burning is possi- 
liJ^ ble. Witness the fact that illuminating gas 

oombiutioii. j^ay flow into a room a long time where a 

light is burning without an explosion taking 
place. It was found in Experiment 55, page 41, that a 
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mixture, in which the ratio of gas to air fell much be- 
low one sixth, was incapable of combustion. 

Experiment 19, page 21. — The liquid is best obtained 
by the method described on page 77, and can be vapor- 
ized by heating it in a test-tube as described in note on 
Experiment 10, page 77. 

Experiment 21, page 21. — It is noticeable that when 
a charcoal fire is blown much a flame is sometimes pro- 
duced. This might be due to the fact that 
the wood was not thoroughly charred, i.e., the Plame npon 
gaseous and liquid products had not all been f^ 
driven off. It also might, in some cases, be 
due to the same cause that produces blue flames upon a 
flre of hard coal, which is nearly as pure carbon as 
charcoal. 

The explanation can be found in any chemistry under 
carbon monoxide. Carbon when burned with- 
out a sufficient supply of oxygen gives rise to ^^J?^ 
a gas composed of carbon and oxygen, but it 
does not contain as large a proportion of oxygen as it is 
capable of taking; hence it burns when it comes in con- 
tact with the air, if it is heated above its kindling tem- 
perature, i.e., it takes on the full complement of oxygen 
and becomes the gas which turns lime-water milky, or, as 
it was called in Chapter VL, carbonic oxide. 
It is generally called in chemistries carbon ^^^* ^" 
rftoxide to distinguish it from the carbon 
woMOxide mentioned above. It is popularly known as 
carbonic acid gas, for no very good reason. 
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Experiment 22, page 22. — When a considerable quan- 
tity of ashes is needed, it is better to obtain them from an 

ordinary wood fire; or, if that is not conven- 
obtain a lent, they may be readily produced by piling 
^^^*y •' kindlings on a fire shovel and allowing them 

to burn freely in the air. The ashes will need 
further roasting to dispose of all the carbon, and this 
may be accomplished by setting the shovel inside of the 
furnace or stove for a short time. 

Experiment 24, page 23, last paragraph. — We ob- 
tained an ounce vial half full of the liquid products, 
with the apparatus described on p. 78 for obtaining 
liquid from paper, by packing the lower half of the test- 
tube full of slivers of wood, taking care in heating not to 
melt the stopper, and, when the slivers were thoroughly 
charred, replacing them several times with fresh wood. 
The cyclopaedia will furnish material for reports upon: 

The manufacture of charcoal and its uses. 

The manufacture of wood vinegar and wood alcohol. 

The manufacture of illuminating gas. 

The manufacture of soap. 



CHAPTER I. SECTION III. 

Paraffine can be procured at eighteen cents a pound, 
or paraffine candles may be bought and 
melted over. It is much more agreeable 

than tallow, and has many other uses in the laboratory 

besides that of making candles. 
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CHAPTER VI. 

Experiment 74, page 59. — The gas formed by the 
burning paper is somewhat soluble in water, but unless 
tlie gas and water are shaken up together during the ex- 
periment there will be very little contraction of volume 
due to that cause. 

Experiment 75, page 59. — After putting the phos- 
phorus into the tube it should be inverted over the water 
as quickly as possible, so that the water may rise to take 
the place of all the oxygen which is used up: otherwise 
more air will go in to take its place, and the result will 
be too large a proportion of nitrogen. It is also essen- 
tial that the tube should be brought down perpendicularly 
over the water at first, otherwise a portion of the air will 
be driven out by the water, and the result will be too 
small a proportion of nitrogen. 

The experiment, if properly managed, will give very 
gratifying results. 

Experiment 76, page 60. — Chlorate of potash is the 
familiar substance which is used in the form 

of tablets for sore-throat. It can be procured chlorate of 

at any drug-store in the powdered condition, potaih. 

and should cost only a few cents an ounce. j^m^j,„|* ^i 

(A pound is worth about twenty-four cents.) oxygen 

An ounce of the powder will yield abovvfe i^'^ ^^^S^^ 
gsXions ot oxygen gas. 
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the oil in the tumbler the ^^flashing^' temperature may 
be determined. 
Subjects for report : 
Oil-wells. 

The refining of oil. 
Capillary attraction, — ^familiar illustrations showing 

how common and how important it is in nature. 
The relation between coal-mines, oil-wells, and gas- 
wells. 



CHAPTER II. 

Phosphorus costs only fifteen cents an ounce. It is 
rather light, and an ounce of it would suffice 
ph^^ornB ^^^ performing the experiments of this book 
a great many hundred times. We use a 
piece about as large as a grain of rice for each experi- 
ment. It is kept in a small, wide-mouthed bottle, cov- 
Howto ®^®^ yfii^i water to prevent it from taking 
handle fire. When a piece is desired we cut it off 

phosphoniB. ^'^j^ ^ penknife, — ^it cuts like wax, — ^and, 

piercing the point of the knife into the little piece which 
has been detached, transfer it to the place where it is to 
be used in the experiment. It is wholly unnecessary to 
be alarmed about its use. 

Carbon bisulphide, variously called bisulphide of car- 
bon and bisulphuret of carbon, costs twenty cents a 
Coit of pound. It is a liquid, and a pound of it 

oarbon makes somewhat less than a pint in volume, 

bifolphide. q\^q,q jt dissolves rubber it is used in a prep- 
aration for mending rubber shoes; hence the odor is 
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sometimes recognized at the shoemaker^s. It also dis- 
solves sulphur. Only a few drops are necessary for the 
experiments of this book. 

Ether costs sixty-five cents a pound, which is consid- 
erably more than a pint. It is exceedingly 
convenient to have about the school-room ^^er' 

for etherizing insects and other small ani- 
mals to be kept as specimens. One need not hesitate to 
experiment with it, as it has no perceptible effect upon 
a human being under such circumstances. If the nose 
and mouth are covered with a towel or sponge saturated 
with it, and all the air that is breathed is drawn through 
this, unconsciousness will be produced in time. 

Experiment 38, page 33. — The wire-gauze used in this 
experiment and the next had about forty 
meshes to the inch, and cost forty-five cents Coitofwire 
a square foot. A piece six inches square 
was used both for this experiment and for making the 
lantern of the next. 

Experiment 89, page 84. — The experiment is very 
successful if the gas is caught by '^ upward displace- 
ment " (see p. 45). 

The bottle may be held inverted over any gas tip and 
the gas turned on. If the bottle is well filled with gas, 
the fiame of the lantern will be extinguished for want 
of oxygen. If an explosive mixture is desired, the right 
proportions of air and gas may be procured by the 
method described on page 41, or by upward displace- 
ment, after a few repeated trials. 
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K illuminating gas is not in the school-building, a 
few drops of ether may be put into the bottle, which 
will soon fill it with a combustible vapor 
The vapor that will make the experiment equally suc- 
gasolene^as cessful. This may suggest that gasolene, a 
a substitute very volatile liquid which gives a combusti- 
ating MS?' ^^ vapor, by means of heat or a current of 
air forced from a blower, is often made 
to supply a vapor which takes the place of illuminating 
gas in the lighting of streets and buildings. 

Experiment 39 has also been successfully performed 
by using lamp-lighter smoke for the combustible gas. 

Tapers can be procured for fifteen cents a dozen. 

The short argand-lamp chimney mentioned 

^st of Qjj pg^gg 33 ig the best thing to use for the 

tube called for in the last paragraph of Ex- 
periment 39. If one has a candle with a very thick wick 
it is possible to have a flame at the top quite as large as 
that below. 

Experiment 43, page 37. — The experiment is per- 
formed by putting a few drops of carbon bisulphide 
into a tumbler. They will soon evaporate, and the 
vapor, being heavier than air, will fill the tumbler 
from balow, crowding the air out above. Although 
this cannot be seen, it is made evident when a lighted 
match is brought to the mouth of the tumbler, for 
then the vapor immediately catches fire and burns 
with a pale-blue flame, which is characteristic of 
burning sulphur, and which gives the familiar odor. 
A jellow coating of unburned sulphur is deposited 
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upon the sides of the glass^ just as carbon would be 
deposited from an ordinary flame. There is no danger 
of breaking the tumbler in the process. 

For a method of performing Marsh's test see note on 
Experiment 85, page 95. 

Subjects for report might be selected, such as : 

The manufacture of phosphorus. 

How sulphur is obtained. 

The mauf acture of matches. 

The mining of coal. 

The manufacture and uses of lamp-black. 



CHAPTER III. 

Experiment 51, page 40. — It is well to have the hole 
at least half an inch in diameter. We made the experi- 
ment more interesting by using an argand-lamp chimney 
and boring a hole* in the side with a wet file. 

Experiment 52, page 40. — We also put a small piece 
of phosphorus upon a plate, or a piece of window-glass, 
or even upon the crayon box, lighted it, and 
then inverted a tumbler over it. The tum- Bj"^fif 
bier filled with white fumes, which slowly extingniah- 
precipitated as a white powder, and the fiame ^^ ^'^^^ 
died out. After waiting a few moments we 
raised the tumbler, and as soon as the air entered, the 

* Full directions are to be found in the Manual of Home-made 
Apparatus, page 15. 
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phosphorus, being still heated above its kindling tem- 
perature, took fire. When the tumbler was 

Collecting replaced it was soon extinguished again. 

phosphms. After repeating this several times we had 
a considerable quantity of the white powder, 

which made a hissing noise when a drop of water was 

put upon it, and when it was dissolved in a little water 

the solution turned litmus-paper red. 

This white powder, however, will have more interest 

in connection with Chapter VI. The observation which 

concerns us at present is that even phosphorus, although 

heated above its kindling temperature, cannot burn 

without air. 

In further illustration of this we put phosphorus 

^ ^ into water and heated it until it melted, but 

Phosphorus 

melted un- it did not catch fire while the water covered 

^th^*t*' ^^' ^® poured off the water, or siphoned it 

catching off, and when exposed to the air the phos- 

*'•• phorus caught fire. 

Melted ^ more startling illustration was furnished 

phosphorus by blowing a stream of air from a bellows 

SS$*«" down upon the melted phosphoras under 

water when water, which gave us the satisfaction of see- 

vey^?it ^^S flashes of fire under water. 

Experiment 56, page 41. — Bubber cloth, 
b« cloiS! ®^^^ ^ dentists use, can be procured for 
twenty cents an ounce. An ounce of it will 
contain from one to two square feet, according to thick- 
ness. 



Experiment 56, page 41.— The tube was a short piece 
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of glass tubings which we had nearly closed at the end^ 
as described in WoodhulFs Manual of Home-made Ap- 
paratus, page 9. This was put into the end of a piece 
of rubber tubing, because it is convenient to have a 
flexible tube and one with elastic walls. By keeping 
the cheeks filled out with air it is possible to keep a 
stream flowing continually through the blow-pipe, with- 
out a particle of variation, while respiration goes on 
naturally through the nose. 

Paragraph four, page 42. — The bottle should at least 
have the capacity of a quart. It may be filled by up- 
ward displacement by holding it over the end of the 
gas-pipe. The tube which conducts the air should be 
at least a quarter of an inch internal diameter. Light 
the gas at the mouth of the bottle and slowly pass up 
into it the tube bringing a stream of air forced quite 
gently from the bellows. 

A very pale-blue flame will be carried up into the 
bottle. If the bottle is dry, moisture will be noticed 
to gather upon it, which is of interest in connection 
with Experiments 63-65, Chapter IV. 

Reports upon the construction of various forms of 
kerosene lamps, gained from a careful examination of 
the lamps themselves, are in place here. 



CHAPTER 11^. 

Experiment 60, page 46.— This requires a tall, narrow 
box, or the air will pass in fast enough to support the 
flame. In case a wide-mouthed tin box is used^ covex: 
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it for a short time, and then raise the cover and quickly 
thrust in a glowing splinter. 

In order to catch a sufScient quantity of the gas in 
the bottle to extinguish a flame, we closed the mouth 
of the bottle down upon the mouth of the box pretty 
tightly, and left it for quite a long time. 

Experiment 61, page 47. — If illuminating gas is in 
the school building, some of it may be caught in a bot- 
tle, and then some lime-water poured in and shaken to 
show that this gas will not turn it milky. Now bring a 
flame to the mouth of the bottle, and after it has ceased 
to burn shake again, when the lime-water will become 
very milky. Or, in case illuminating gas is not at 
hand, ether vapor will give the same results, and may 
be obtained as described on p. ^^ by putting a few 
drops of the liquid ether into the bottle. 



CHAPTER y. 

Experiment 67, page 62. — The flame must be a very 
large one, and there should be no other draughts of air 
in the vicinity to interfere with the experiment. 

Figure 22, page 64. — ^We made a piece of apparatus, 
to represent what is shown in Fig. 22, out of a cigar-box, 
tacking a pane of window-glass on the front and back, 
and using paper-smoke to trace the currents. A taper 
was placed at g. The smoke on entering was carried 
directly to the top of the room, and after spreading over 
the top settled gradually, and was carried out at /. It 
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was surprising how rapidly the room was cleared after 
it had been filled so densely as to make it impossible to 
see through it. 

Experiment 69, page 56. — A very ordinary pair of 
shears will answer well for cutting tin and wire, and, al- 
though it will spoil them for cutting paper or cloth, they 
may be used for the other purpose an indefinite time. 

Experiment 70, page 66. — The rubber cloth men- 
tioned on page 88 may be used, or the rubber bag cut 
from a toy balloon, costing ten cents; or rubber bags 
may be procured from the toys known as ^' squalkers,^' 
costing from one to five cents. 

Experiment 71, page 66. — By cautiously passing a 
bottle back and forth through a flame it may be made 
very hot without breaking it. Some little time is re- 
quired to transmit this heat to the air inside, since glass 
is a very poor conductor, and so also is air. We are 
dependent upon currents of air set up inside of the bottle 
to diffuse the heat throughout the mass. It will also be 
found to require a long time to cool, but when the glass is 
partially cooled water may safely be poured upon it, and 
the drawing in of the rubber will be very striking. The 
success of the experiment depends upon getting the rub- 
ber tied on air-tight. 

Figure 26, page 57. — ^The stopper in the upper bottle 
must be of good rubber, and must fit the tube very 
tightly so as not to leak air. 
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If a one-ounce narrow-mouthed bottle is used, the tub- 
ing may be made to fit the neck tightly by drawing over 
it a short piece of soft rubber tubing without using any 
other stopper. The scale can be made on a strip of white 
paper divided into inches and fractional parts. The 
value of these divisions in degrees may be determined 
by placing this apparatus near some other thermometer 
under various conditions of temperature and comparing 
them. 

If the lower end of the tube be made to pass through 
a hole in an ordinary cork into a fair-sized bottle con- 
taining the liquid, no other support for the apparatus 
will be needed. For working holes through common 

corks, cork-borers, consisting of brass tubes 
^'^" of different sizes and terminating at one end 

with sharp cutting edges, are very useful, and 
are sold in nests numbered according to size. A set of 
three (Nos. 1-3) will be found very useful, and will cost 
sixty cents. With these one can make holes to fit the 
glass tubing already mentioned. However, the same 
thing may be accomplished with a small round file. Use 
the sharp end that is intended to go into the handle, and 
by a twisting movement a hole may be made which may 
be finished up with the file part. Inasmuch as ordinary 
corks are seldom air-tight, and the hole which you have 
made will not fit the tube air-tight, the atmospheric 
pressure will be exerted upon the liquid in the bottle 
quite as well as in the tumbler of Fig. 25. 
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CHAPTER VI. 

Experiment 74, page 69. — The gas formed by the 
burning paper is somewhat soluble in water^ but unless 
the gas and water are shaken up together during the ex- 
periment there will be very little contraction of volume 
due to that cause. 

Experiment 76, page 69. — After putting the phos- 
phorus into the tube it should be inverted over the water 
as quickly as possible^ so that the water may rise to take 
the place of all the oxygen which is used up: otherwise 
more air will go in to take its place, and the result will 
be too large a proportion of nitrogen. It is also essen- 
tial that the tube should be brought down perpendicularly 
over the water at first, otherwise a portion of the air will 
be driven out by the water, and the result will be too 
small a proportion of nitrogen. 

The experiment, if properly managed^ will give very 
gratifying results. 

Experiment 76, page 60. — Chlorate of potash is the 

familiar substance which is used in the form 

of tablets for sore-throat. It can be procured chlorate of 

at any drug-store in the powdered condition, potaih. 

and should cost only a few cents an ounce, j^^^^^. ^ 

(A pound is worth about twenty-four cents.) oxygen 

An ounce of the powder will yield about two J*®^®* ^y 

•^ •' one ounce. 

gallons of oxygen gas. 
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Black oxide of manganese — also in powdered condition 
— costs even less than the chlorate of potash. 

Experiment 79, page 62. — ^When a small piece of 
charcoal is needed, it may be obtained by 
plest'^y burning a sliver of wood freely in the air. 
to obtain a After the gaseous and liquid products have 
J^Jl^j^ been disposed of, the flame will go out of its 
own accord, leaving some charcoal at the end, 
as when a match is burned. This charred end with a 
spark upon it may be thrust into the bottle of oxygen 
without the use of the combustion spoon. 

It is not necessary to cover the bottles of oxygen in 
this and the following experiments. Oxygen has about 
the same weight as air, and it difl!uses out of the bottle 
very slowly. The heat formed will not cause suflScient 
currents to interfere with the success of the experiment. 

Experiment 80, page 62. — Sulphur in rolls, some- 
times called roll brimstone, will cost, at most, 
Bulplmr. ^^* more than ten cents a pound. 

Experiment 82, page 63. — To obtain melt- 
ed sulphur for the end of the watch-spring, take a piece 
of roll brimstone and bring a flame to one end long 
enough to melt it, and then apply it to the string on the 
watch-spring as you would use sealing-wax. 

In order to get enough iron rust on the sides of the 
bottle to show well, take a bottle which has a capacity 
of at least a quart, and a narrow mouth is preferable. 

A watch-spring is so thin that while it is melting and 
burning at one end you may hold it a few inches from 
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deposited upon the cool surface with its peculiar metal- 
lic lustre. 

Last sentence, page 65. — ^We showed that carbonic 

oxide was a product of fermentation by filling a tumbler 

with water, adding a teaspoonful of molasses 

??'^5 , and a few bits of a yeast-cake, and then in- 
diozide, al- .. ., . ^ ', . , 

cohol, and verting it in a saucer containing enough 

vinegar water to seal the mouth. This was put in a 
obtained by ., , lu-ij.^ 

patting warm place, such as we should select for rais- 
yeast into ing bread, and the gas collected quite rapidly 
and water. ^ ^^^ tumbler and displaced the water. 
A lighted match was extinguished by the 
gas thus caught in the tumbler, and it turned lime- 
water milky. 

The liquid which remained in the saucer was kept 
many days, and in time had a decided odor of alcohol, 
but later exhibited a very strong vinegar odor. 

Experiment 86, page 68. — Gut sugar is a very con- 
A combns- venient form to use. While the sugar was 
tible gas heating, a smoke, similar to that noted in 
from sugar. yaj,jQ^g experiments in Chapter I, was seen 

to arise, and, when a lighted match was brought near, 
it caught fire. 

Experiment 87, page 69. — Sulphuric acid, also fre- 
Cost of quently called " oil of vitriol,^' is an exceed- 

inlj^nric ingly common article of commerce. • Nearly 
*^*' a million tons of it are manufactured an- 

nually in Great Britain, and about one third as much 
is produced in the United States each year. 
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The common commercial acid, as it is called, which 
is sufficiently good for all the experiments mentioned in 
this book, costs about ten cents a pound, or in half- 
gallon bottles, weighing about nine pounds, five cents a 
pound. 

Small drug-stores are apt to keep only that which has 
been refined for medicinal purposes, and which is worth 
about twenty cents a pound; or, if they keep the com- 
mercial, it is frequently allowed to get as black as ink 
by contact with a common cork or wood. It should be 
kept in a glass-stoppered bottle. 

If one has difficulty with Experiment 87, it is prob- 
ably due to the fact that the acid is poured in too 
rapidly, or the sugar solution is not sufficiently concen- 
trated. We pour in perhaps half a teaspoonful at a 
time, and then stir very thoroughly before adding more. 
It may be stirred with a stick, if a glass rod or tube is 
not at hand, in which case it will be noticed that the 
stick is very much charred by the acid. 

Experiment 88, page 70. — Sal-ammoniac, also called 
ammonium chloride, is a very common sub- 
stance, being used veiy much for electric bat- ^Jl^^^c 
teries and other purposes. It costs, in the 
powdered condition, about eighteen cents a pound. The 
lime is such as is used for whitewashing houses, and, 
however poor it may be, it will probably yield ammonia 
gas when put with ammonium chloride. 

But if freshly burned lime, the so-called quick-lime, 
can be procured, take a small lump of it and put a little 
water upon it. The water will be absorbed \\i.t<^ ^jJs^s^ 
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lime, which will get very hot and swell up and fall to a 
dry powder. Now, if ammonium chloride be put with 
this freshly slaked lime, large quantities of ammonia 

gas will be given off, and the mixture will get 
make quick- very moist. We have made excellent quick- 
l^jfr<>"^ lime by roasting a lump of carpenter^s chalk 

in the kitchen fire for a short time. * 
Ammonia gas is very soluble in water, and it is this 

solution which is sold under the name of 
Cost of Aqua Ammonia. It is worth about fifteen 

cents a pound. 
Hydrochloric acid is also a gas which is very soluble 
in water. This solution goes by various names, such as 
Hydrochloric Acid, Ohlorhydric Acid, Hydrogen Chlo- 
ride, and Muriatic Acid. 

The common commercial acid, which is quite good 
Cost of hy- 6^ough for use in these experiments, costs, the 
drochloric same as sulphuric acid, ten cents a pound, 
*^^ or, in half-gallon bottles, five cents a pound. 

Experiment 90, page 71. — Calcium chloride is formed 
in Experiment 88 by the combination of freshly slaked 
lime with ammonium chloride. It is also made in 
Experiment 91 by the combination of chalk with hydro- 
chloric acid, and may readily be obtained as described 
there. If the liquid before evaporation is not perfectly 
clear, the product after evaporation will be of a dirty color. 
This may be obviated by pouring the liquid through 
filter-paper, or even straining it through several thick- 
nesses of cotton cloth. The calcium chloride will then 
he pure ifhite. 
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Calcium chloride in the crude condition may be pur- 
chased for ten cents a pound; if purified, for 
forty cents a pound. It will be noticed that J^^^^j^' 
when calcium chloride dissolves in water ide. 
heat is produced. 

It will readily be conceded that the conducting of 
observation lessons by experimental methods in primary 
and grammar classes is weU worth a little expense and 
trouble. The author believes that in the course out- 
lined by this, book both have been reduced to such a 
trifling amount that they no longer present any appre- 
ciable difSculties. Careful estimates show that the ex- 
pense of giving these lessons the first year need not 
exceed five dollars, and, since much of the material 
will remain as permanent equipment, the cost thereafter 
will not exceed two dollars a year. 
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Alcohol Lamp,* 

Half pint of Alcohol, bottle. 

6 Test-tubes, 

Wire Support. (See Fig. 6, p. 19.) 

Rubber Stoppers, Nos. x and 3. (See 

Fig. 5i p. 17.) 
Glass Tubing, bent as required, on 

pp. X7| 28, 43 and 61. 
X — 1 oz. wide-mouthed bottle, 
3 — 8 oz. wide-mouthed bottles, 
I — 32 oz. wide-mouthed bottle. 
Litmus Paperj 
Wood Ashes, in bottle. 
3 Corks. (See Figs. 8 and X5.) 
Candle Wick. 
Paraffine. 

Camphor Gum, in bottle. 
Native Chalk. 



Phosphorus, bottle. 

Carbon Bisulphide, bottle. 

Sulphur. 

Piece of Wire Gauze. (See Figs. 14 

and 15.) 
Ether, bottle. 
Lime, bottle. 

2 Argand Lsunp Chimneys. 
2 Tapers. 

Rubber Tissue Bag. (See Fig. 24.) 
Piece of Rubber Tissue. (See Fig. 26.) 
Chlorate of Potash, in bottle. 
Black Oxide of Manganese, in bottle. 
Sulphuric Acid, gl. st. bottle. 
Sal-ammoniac, m bottle. 
Hydrocnloric Acid, bottle. 
Ammonia, in bottle. 
Calcium Chloride, in bottle. 



* When so ordered a Bunsen Burner and x8 inches of gas tubing will be fur- 
nished in place of alcohol lamp and alcohol. 



All carefully packed in a very neatly finished box, with till, 
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ornamental. 
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D^chology, - - . - . ol. .») .40 
juiDu B muu otadles for TounsTeaobeTB, - - ol. 
Pern's Firm Thiee Yean or Cnadbood. - - - oL 
Allen's Tempemnent In Bdooatfon, - - - oL 
IKUrOIPLBI 07 EDITCATIOir. 
RlnehMt'B PrtuolplBBof Kdnatlon, - - - - ol. 
iPKvne'H Lectnras on Soleaoe and An of Edaatlon, oL 
iTMe'8 Phlloaopby of KduoaHon, - - . - ol. 
Teacheis' Huiual Seriee . - - - efutb,papeT 

Huntington's Cnooii*iioua Tuition,- - . -papei . 

Osrter'B Artlfid&l Stupidity la School, - - -paper M •!> . 

FBIIUST EDUCAnOir. 
AustBlJurg'B Easy Thinsra tu Draw, - . - , -{wper 
AuMhura'BBaBV DrawiogaforQeoa. Class, - - ol. 
CurWo'3 Early EduoaUon. ------ o|,l 

PsFher'B Talks on Teaohlnic. ----- oL 1 

PartrldTO'B Qujooy Methoda,. 



- oL UO l.»0 . 



Qladgtone'B Object Teach In K. ■ 

Johnson's RciucatiOQ by DnloK,- 

SeeleT'B Gnibe Methoil of Tenclifna ArtthineHo, - oL ISO .*0 . 

Sedey'a GrabeldoB in Primary Arlthmptlc, - - oL ~ 

QTFE8TI0K BOOKB FOB TBAOHEM. 
Shaw'a National Queetion Book. - - ~ _ 
N. r. State Gxamlnatlon Quemona,- - - - ol. ] 
Aoatt'tlOBl Question Series. Geogrr-'— 



TT. 8. HrftoirSerlee, - oL .ISO .40 . 
Qrammar, - - ' ol. JO .40 . 
Bonthwick'a Quiz Manual of tbe Theory and Prao- 

tioeotTeaohiqg. -------oL ,T6 .80 

SCHOOL HAFAQEKEFT. 
KelloffB's School Managemont, - - - - - ol. .75 .00 . 

Hughes' Bow to Keep OnJer, - - - - -paper .IS .l^ ■ 

BldfETlok'sStlniuliUirnSobool. - - . . -paper .IS .18 . 

SCHOOL HTQIEirz. 
GiolTs Bohool HygieDe, ----- -paper .IS -1* . 

SCHOOL APPARATUS. 
' Standard " If anlkln. (Sold by Eubecription.) 

"Man Wonderful" Manikin, - - _ _ _ SJM i 

Standard Blackboaid Btenclls, SOO different nofl., 

from 5 to M cents eaah. Send for apedal llsL 
"Fnlque" Penon Sharpener, ----- LW 

Standard Physlcuin'B Manikin. (Sold by BUbacilp- 

^°°'^ ffUTonre avd oialootte booxs. 

riouthwiolc'i Handy Helps, - - - - - - oL LOO .SO , 

Sony Treasures, ------- -paper .16 .!« . 

Beoeptlon Day Serlea, (6 ■Ias.1 - - - eaoh, paper JO .at . 
^~64-pag:edesoiiptlTeoatalogiie of these books free to any addro 
Lance US-poi^e deeoripHya oataloKUe of aH best eduoational books pu 
llBbed, Tith prliicq and apoolal ratoa to teMhara, t oenla. 
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/men's Mind Studies for Young Teacb- 

KBB. Bj Jeroxe &3JXXI, Ph.D.. Assocl&te Editor of the 
School Joubnai., Prof, of Pedagogy, Univ. of City of 
N. Y. 16mo, large, dear type, 128 pp. Cloth, 60 cents ; ta 
ttaehtn, 40 cents ; by mall, 6 cents extra. 

There are many teachers who 

know little about percholoey, 
and who desire to m oetter In- 
formed concerning Its princi- 
ples, especially its relation to the 
work of teacbmg. For the aid 
of such, this book has been pre- 
pared. But It is not a psycnol- 
ogy — only an introduction to It, 
aSning to give some funda- 
mental princTples, togcQier with 
something concerning the phi- 
losophy of education. Its meth- 
I od is subjective rather than ob- 
I jective, leading the student to 
; watch mental processes, and 
draw his own conclufiious. It 
is written in language easy to 
be comprehended, and basmany 
jDOHBAixMii,Ph.I>.,Anodate£dikir practical lliufitratious. It will 
at the Jownud and IiuHtvte. aid the teacher In his daily work 
in dealing with mental facts and states. 

To most teachers psychology seems to he dry. This boob shows 
how It may become the most interesting of all studies. It also 
shows how to begin the knowledge of self. " We cannot know 
in othera what we do not first know in ourselTcs." This is the 
key-note of this book. Students of elementary psychology will 
appreciate this feature of "Mind Studies." 

ITS CONTENTS. 




L How to StQdT Hind. 

IL Some Facts la Hind Oniwth 
m. I>eTe]Dpment, 
jy. Hind InoentiTM, 

T. A tew Fundamentftl Principles 



Z. Abatraction. 



yTT , Prom the BobJectlTe to tba 

CooccrUTe. 
Xm, The Will 
ST. DltesMS of the Wm 
_XV, Klnda of HemoiT. 
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Aliens Temperament in Education. 

With directions concerning How to Become A Successful 
Teacher. By Jebomb Allen, Ph.D., Anthor of " Mind 
Studies for Toxmg Teachers/' etc. Cloth, 16mo. Price, 50 
cents, to teachers, 40 cents ; by mail, 5 cents extra. 

There is no book in the English language accessible to 
students on this important subject, yet it is a topic of so much 
importance to all who wish to become better acquainted with 
themselves that Its suggestions will find a warm welcome 
eyerywhere, especially by teachers. The value of the book will 
be readily seenl)y nouctng the subjects discussed. 

CONTENTS :— How we can know Mind— Native CbaraoteristiCB of 
ddklren— How to Study Ourselves— The Sanguine Temperament— The 
Bilious Temperament— The Lymphatio Temperament->The Nervous 
Temperament— Physical Gharaotenstics of each Temperament : Tabula- 
ted—The begt Temperament— How to Ck)nduot Self Study— Many Per- 
sonal Questions for Students of Themselves— How to Improve— Specific 
Directions— How to Study Children- How Children are Alike, How 
Different— Pacts in Child Growth: Tabulated and Explained— How to 
Promote Healthy Child Growth, Pull directions oonceming how to 
treat temperamental differences. How to effect change in tempera- 
ment. 

Under "How to Become A Successful Teacher," the 
following topics are discussed : ** What books and papers to 
read."— ^ What schools to visit."—" What associates to select." 
— " What subjects to study."—" How to find helpful critics."— 
"How to get the greatest good from institutes."— "Shall I 
attend a Normal school t " 'vHow to get a good and perman- 
ent position f " " How to get good pay ? " " How to grow a 
better teacher year after year." " Professional honest and 
dishonesty."—" The best and most enduring reward." 



Blaikies Self Culture, 



By Jomff Stuabt Bi^uxib. 16mo, 64 pp., limp doth. Price, 25 
cents; to teachers, 20 cents; by mail, 3 cents extra. 

Three invaluable practical essays on the Culture of the Intel- 
lect» on Physical Culture, on Moral Culture. In its 64 pages this 
little volume contains a vast amount of excellent advice. It will 
help hundreds of young teachers to make a right start, or set 
them right if they are on the wrong track. Although published 
express^ for teachers, it will prove profitable reading for all, no 
matter what their calling, who wish to improve — and who does 
not? As a part of a course of reading, some such book is invalu- 
able, and fidiould be read over and over again. Mr. Blaikie's book, 
in its present form, is so neat yet cheap, that it ought to be read 
by every young teacher in the country, and to be on every read- 
ing-circle list. It is to be a prominent book on the new profes- 
sional course of reading for teachexa. 

Nicely piinted. with Bide-\i©«i^a f>^cw^^iQ■\KDA.^sx\eas^ ^^.s^Gf^ 
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Analytical Questions Series. 



Ho. 1. GEOGRAPHY. 126 pp. 

Ho. 2. HI8T0ET OP THE UHITED STATES. 108 pp. 

Ho. 3. GBAHHAB. 104 pp. 

Price 60c. each; to teachers, 40c; by mail, 5c. extra. The three 
for $1.20, postpaid. Eack complete toith answers. 

This new series of question-books is prepared for 
teachers by a teacher of high standing and wide experi- 
ence. Every possible advantage in arrangement of other 
books was adopted in these^ and several very important 
new ones added. The most important is the 

GRADING OF QUESTIONS 

into three grades^ thus enabling the teacher to advance 
in her knowledge by easy steps. 

THE ANALYTICAL FEATURE 

is also prominent — the questions being divided into 
paragraphs of ten each^ under its appropriate heading. 

TYPOGRAPHY AND BINDING. 

Type is clear and large, and printing and paper the 
very best, while the binding is in our usual tasteful and 
durable style, in cloth. 

The books are well adapted for use in schools where 
a compact general review of the whole subject is de- 
sired. The answers have been written out in full and 
complete statements, and have been separated from the 
body of the questions with a view of enforcing and fa- 
cilitating the most profitable study of the subiect. The 
author has asked every conceivable question that would 
be likely to come up in the most rigid examination. 
There are other question-books published, but even the 
largest is not so complete on a single branch as these. 

Sear in mind that these question-books are absolutely 
without a rival 

FOB PBEPABINa FOB BXAIONATION, 
FOB BEVTEWIKa PXTPII«S IN SCHOOL, 
FOB XrSE AS BEFEBENOB BOOKS. 

The slightest examination of this series will decide 
jY?zz in its favor over any other similar books. 
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Augsburg's Easy Things to Draw. 

Bj D. B. AxTGSBUBG, Supt. Drawing at Salt Lake Gity, Utah. 
Qnarto, durable and elegant cardboard coyer, 80 pp., with 
31 pages of plates, containing oyer 200 different figures. 
Price, 30 cents; to teachers, 24 cents; by mail, 4 cents extra. 

This book is not designed to present a system of drawing. It 
is a collection of drawings made in the simplest possible wa^, and 
so constracted that any one may reproduce them. Its design is 
to famish a hand-book containing drawings as would be needed 
for the school-room for object lessons, drawing lessons, bnsy 
work. This collection ma;^ oe used in connection with any sys- 
tem of drawing, as it contains examples suitable for practice. It 
may also be used alone, as a means of learning the art of draw- 
ing. As will be seen from the aboye the idea of this book is new 
and noyel. Those who haye seen it are delighted with it as it so 
exactly fills a want. An index enables the teacher to refer in- 
stantly to a simple drawing of a cat, dog, lion, coffee-berry, etc 
Onr list of Blackboard Stencils is in the same line. 

Augsburg s Easy Drawings for the Geo- 

GBAPHY GiiAss. By D. B. AuGSBUBG, B. p., anthor of <<£asy 
Things to Draw." Contains 40 large plates, each containing 
from 4 to 60 separate drawings. 96 pp., quarto cardboard 
coyer. Price 60 cents; to teachers, 40 cents; by maU 5 cents 
extra. 

In this yolume is the same excellent work that was noted in Mr. 
Augsburg's ''Easy Things to Draw." He does not here seek to 
present a system of drawing, but to giye a collection of drawings 
made in the simplest possible way, and so conslaructed that any 
one may reproduce them. Leading educators belieye that draw- 
ing has not occupied the position in the school course hereto- 
fore that it ought to haye occupied: that it is the most effectual 
means of presenting &tcts, especially in the sciences. The author 
has used it in this book to illustrate geography, giying draw- 
ings of plants, animals, and natural Matures, and caUing at- 
tention to steps in drawing. The idea is a noyel one, and it is 
belieyed that the practical manner in which the subject is treated 
will make the book a popular one in the school-room. Each 
plate is placed opposite a lesson that may be used in connection* 
An index brings tne plates instantly to the eye. 
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Browning's Educational Theories. 

"Bj OscAB Bbowning, M.A., of King's College, Cambridge, 
Eng. No. 8 of Beading Circle Libra/ry Series, Cloth, 16mo, 
237 pp. Price, 50 cents; to teachers, 40 cents; by mail, 5 
cents extra. 

This work has been before the public some time, and for a 
general sketch of the History of Education it has no superior. 
Our edition contains several new features, making it specially 
valuable as a text-book for Normal Schools, Teachers' Classes, 
Beading Circles, Teachers' Institutes, etc., as well as the student 
of education. These new features are: (1) Side-heads giving the 
subject of each paragraph; (2) each chapter is followed by an 
analysis; (3) a very full rtew index; (4) also an appendix on 
"Froebel," and the '* American Common School." 

OUTLINE OF CONTENTS. 

I. Education among the Greeks — Music and Gymnastic Thco- 
ries of Plato and Aristotle; II. Roman Education — Oratory; III 
Humanistic Education; IV. The Realists— Ratich and Comenius; 
V. The Naturalists — Rabelais and Montaigne; VI. English 
Humorists and Realists — Roger Ascham and John Milton; YII. 
Locke; YIII. Jesuits and Jansenists; IX. Rousseau; X. Pes- 
talozzi; XI. Kant, Fichte, and Herbart; XII. The English Pub- 
lio School; XIII. Froebel; XIV. The American Common 
School. 

PRESS NOTICES. 

Ed. Conrant.— " This edition surpasses others in its adaptabilily to gen- 
eral use.'* 

Col. School Journal.—" Can be used as a text-book in the History of 
Education.'* 

Pa. Ed. News.—'* A yolume that can be used as a text-book on the His- 
tory of Education." 

School Education, Minn.—*' Be^nning with the Greeks, the author pre- 
sents a brief but clear outline of the leading educational Uieories down to 
the present time." 

Ed. Beyiew, Can.— "A book like this, introducinfi: the teacher to the great 
minds that have worked in the same field, cannot but be a powerful stimulus 
to him in his work." 
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Calkins' Ear and ypjce Training by 

Means of Eleuentart Sounds of LAMGnAss. Bj N. A. 

CALKine, AasUtant Superintendent N, Y. City Scbools; 
author of "Primary Object LeMons," "Manual of Object 
Teaching," " Phonic Charta," etc. Cloth. IBmo, about 100 
pp. Price, 50 cents; to (Meters, 40 cents; by mail, Scents extra. 
An idea of the character of this work may be had by the fol- 
lowing extracts from its Pr^aee: 

" The common asiat«nee ot abnormal Benae perception among Bchool 
children In a Borlous obatacle In leaching. TMb condition la most 

obviooH In the defective perceptions 

ot Bounds and forms. It maf be 
Been in Uie faulty articulations in 
Bpeaklng and reading ; in the ina- 
bilitr to distinguish musical sonnda 
teadil; ; also in the common mis- 
takes made in heating what is 

"CareM obeerratloii and long 
experience lead to the coDcInsion 
that the most common defects Id 
sound perceptions eilst becanse of 
lack ot proper training in childhood 
to develop this power ot the mind 
into activity throngh the sense of 
htaring It becomes, therefore, a 
matter of great Importance in edu- 
cation that in the training ot chil- 
dren due attention shall be given to 
the deyelopmcnt ot ready and accu- 
rate perceptions ol sonnds. 

' How to give this training so as 
to secnre the desired results Is a 
Bubject that deaerreH the carefnl 
attention ot parents and teacben. 
Much depends Upon the manner of 
presenting Oie sotmds of our laseoage to pupils, whether or not the 
results slull be the development in sound parceptlonB that will (rain 
Ott tar and voia to habits of distlnctneaa ana accuracy in speaking and 

"The methods ot teaching given in this book are the results ot an 
extended experience under sncb varied condltlonB as may be foond 
with pnpils representing all nationalities, both ot native and foreign 
bom children. The nlais deacribed will enable teachers to lead their 
pupis to acquire ready and distinct perceptions throngh sense tmtn- 
ing, and canse them to know the sounds ot our language 111 a manner 
that will give practical aid In learning both the spoken uid the written 
langoage. The simplicity and nsefulnees of the leasona nM4 00^ to be 
known to b« apprec^otea uid uae^" 
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Dewey's How to Teach Manners in the 

ScHooL-Hoou. By Mrs, Julia M. Dbwkt, Principal of the 
KomiBl School at Lowell, Mass., formerly Supt. of Schools 
at Hoosick Falls. N. Y. Clolh, 16mo, 104 pp. Price. 60 
cents; to teaehen, 40 cents; by mail, 5 cents extra. 
Many teachers consider the manners of a pupil of Ullle Impor- 
tance so long as be is industrious. But the boys and girls are to 
be fathers and mothers; some of the boys will stand !q places of 
Importance as professional men. and they will carry the mark of 
ill-breeding all their lives. Manners can be taught tn the school- 
room: they render the school-room more attractive; they banish 
tendencies to misbehavior. In this volume Mrs. Dewey has shown 
bow manners can be taught. The method is to present some fact 
of deportment, and then lead the children to discuss its tiearings; 
thus Ihey learn why good manners are to be learned and practised. 
The printing and binding are exceedingly neat and attractive." 

OUTLINE OF CONTENTS. 



Introdactlon. 
Qeneral DlrecUooB. 
Special Directions to '. 



le HuuerB— First Two Yean. 



M Mahrirb n>H You 

Hannera in Public. 

Hauoers in Sa<dety'. 
HiHcelluieaui lUnns. 
PrscClcal Training In Hanners. 
SunestiTe Stories, EMks, Aneo 

dol«s,aD<l Poema. 
UtaaoTj Qwa. 
Ceatral School JanTiiBl,~"ll;rumiEliesmuBtratlT«In80ii>." 

B School Joaraal.— " They (tlie pupils) will carry the mark o( m- 



icit^Ef 5.'"..'!^,"°™..;'.^.? 



£d. Jouraal. — " Prlnclpliss are cnCorced b; anecdote and convar- 

EzpoDsnt.— " We believe scch a book will be ver; welcome." 

„. __.fldowelltof[etit." 

Nebraska TeaDher,— " Hanr teanben congider mannen of little Im- 
purtaiitn-, hilt Kiitno at Uie boys will stand In places at Importance." 
Bchool Edneator.— " The spirit of the author Is comnieiidBble." 
School Herald,—" These leHSana are full of eugseUlODS." 
Ta, Bchool Jaornal.— "LeEaona fnmlehed inadellsbtrul i^le^" 
Hisi, Teaehflr,— "TbebesipresEiitatioB wo have seen." 
Ed, Conrant,— " It is sloiple. EtraightCorward, and plain." 
Iowa Monoal Monthly.— " Practical and wdl-arninged leoaonaonmaB- 

PngreMiT* Zdncator.— " Will prove to be m<M hdptul to the t»«cber 
Wbo dSrirea her pupiu to be well-mau — " " 
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FttcFs Lectures on Teaching. 

Lectures on Teaching. By J. G. Fitch, M.A., one of Her 
Majesty's Inspectors of Schools. England. Cloth, 16mo» 
895 pp. Price, $1.25 ; to teachers, $1.00 ; by mail, postpaid. 

Mr. Fitch takes as his topic the application of principles to 
the art of teaching in schools. Here are no< vague and gen- 
eral propositions, but on ereij x>age we find the problems of 
the school-room disciissed with definiteness of mental grip. 
No one who has read a single lecture by this eminent man 
but will desire to read another. The book is full of sugges- 
tions that lead to increased power. 

1. These lectures are highly prized in England. 

2. There is a valuable preface by Thos. Hunter, President 
of N. Y. aty Normal College. 

3. The volume has been at once adopted by several State 
Beading Circles. 

EXTRACT FkOM AMERICAN PREFACE. 

** Teachers everywhere amoxur Engllsh-speakiiifir people have hailed 
Mr. Fitoh*8 work as an Invaluable aid for almost every land of instruc- 
tion and school organization. It combines the theoretical and the prac- 
tical; it is based on psychology; it gives admirable advice on every- 
thing connected witn teaching^from the furnishing of a school-room 
to the preparation of questions for examination. Its style is singularly 
clear, vigorous and harmonious." 

Chioago Intelligence.— "All of its discussions are based on soimd 
psychological principles and give admirable advice." 

Yirgixiia Educational Jonmal.— **He tells what he thinks so as to 
be helpful to all who are striving to Improve.** 

Lynn Evening Item.— ** He gives admirable advice.'* 

Philadelphia Eecord.— ** It is not easy to imagine a more useful vol- 
ume." 

Wilmington Every Evening.—** The teacher will find in it a wealth 
of help and suggestion." 

Brooklyn Jonmal.—" His conception of the teacher is a worthy ideal 
for all to bear in mind.'* 

Hew England Jonmal of Education : ** This is eminenlly the work oi 
a man of wisdom and experience. He takes a broad and comprehensive 
view of the work of the teacher, and his suggestions on all topics are 
worthy of the most careful consiaeration.'* 

Brooklyn Eagle: "An invaluable aid for almost every kind of in- 
struction and school organization. It combines the theoretical and the 
practical ; it is based on p^chology ; it gives admirable advice on every- 
wing connected with teaching, from the furnishing of a school-room to 
the preparation of questions for examination.** 

Toledo Blade : **It is safe to say, no teacher can lay claim to being 
well informed who has not read this admirable work. Its appreciation 
is shown by its adoption by several State Teachws* BMding Gfcrolee, as 
a work to do thoroughly read by its members,** 
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Hughes' ^Mistakes in Teaching. 

Bt Jambs J. Hdohkb, Inspector of Schools, Toronto, Canada. 
Cloth, lOtno, 115 pp. Price, 50 cents; to teaches, 40 cents; 
b; mall, 6 cents extra. 

Thousands at copies of the old 
edition have been sold. The new 
edition Is worth double the old; 
the material has been Increased, 
restated, and greatly improved. 
Two new and important Chapters 
have been added on "Mistakes in 
Aims," and "Mistakes in Moral 
Training." Mr. Hughes sa^s in hia 
preface: " In issuing a revised edi- 
tion of this book, it seeniB fitting to 
acknowledge gratefully the hearty 
appreciation that has been accorded 
4 It by American teachers, liealiz- 
^ ing as I do that Its very large Bale 
' indicates that it has been of service 
to many of my fellow-teachers, I 
have recognized the duty of enlarg- 
ing and revising It so as to make it 
Btul more helpful in preventing 
JiMBB !•, UcaHKa. luspeotor of the conunon mistakes in teaching 
School*, Toronto. Canada. and training. " 

This Is one of the six books recommended by the N. T. State 
Department to teachers preparing for examination for Stato cer- 
tificates. 

CAUTION. 

Ow n*u> AUTHORiz&D coPYRiaHT KDirrou, entirelj/ TewnlUn bg 
ihe autfun; u lh« onlji an« lo buy. It it beautifully printed (Old 
' ' '■1/ bound. Uet no other. 




CONTENTS OF OUR NEW EDITION. 
Chap. I. 7 Mistakes In Aim. 
Chap. II. 21 Mistakes in School Management. 
Ckap, m. S4 Mistakes in Discipline. 
CsAF. IV. 37 Mistakes In Method. 
Chap. V. 18 Mistakes in Moral Trying, 
^* Ohapt. J. and Y. wre mtirelj/ new. 
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Hughes' Securing and Retaining Atteth 

TioN. By James L. Hughes, Inspector Schools, Toronto, 
Canada, author of " Mistakes in Teaching." Cloth, 116 pp. 
Price, 60 cents; 1o teachers, 40 cents; by mail, 5 cents extra. 

This valuable little book has already become widely known to 
American teachers. Our new edition has been almost entirely 
re-writien, and several new important chapters added. It is the 
only AUTHOBizED cx>PTRiGHT EDITION. Ckiuium, — ^Buy no other. 

WHAT IT CONTAINS. 

I. General Principles; U. Kinds of Attention; m. Characteristics of Qood 
Attention; IV. Conditions of Attention ; V. Essential Characteristics of the 
Teacher in Securing and Retaining Attention; VI. How to Control a Class ; 
Vn. Methods of Stimulating and Controlling a Desire for EInowledge; VIIL 
How to Qrati^ and Derelop the Desire for Mental Activity; IX. Distracting 
Attention; X. Training the Power of Attrition; ZI. Gtoneral Suggestions 
regarding Attention. 

TESTIMONIALS. 

8. P. Bobbins, Pros. McQill Normal School, Montreal, Can., writes to Mr. 
Hughes:—*^ It is quite superfluous for me to say that your little books are 
Admirable. I was yesterday authorized to put the * Attention ' on the list 
of books to be used in the Normal School next year. Crisp and attractive 
in style, and mighty by reason of its good, sound common-sense, it is a 
book that every teacher should know." 

Pomilar Ednoator (Boston):—" Mr. Hughes has embodied the best think- 
ing ox Ms life in these pages." 

Central Sehool Journal (la.).—" Though published four or five yean 
since, this book has steadily advanced in popularity." 

Edneational Conrant (Ky.).— "It is intensely practical. There isn^t a 
mystical, muddy expression in the book." 

Ednoational Times (England).—" On an important subject, and admir* 
ably executed." 

Sehool Guardian (England).—" We unhesitatingly recommend it." 

Hew England Jonrxial of Ednoatlon.- " The book is a guide and a 
manual of special value." 

Hew York School Journal.— "Eveiy teacher would derive benefit from 
reading this volume." 

Chioago Educational Weekly.— "The teacher who aims at best suc^ 
cess should study it." 

Phil. Teacher.—" Many who have spent months in the school-room would 
be benefited by it." 

Mazrland School Journal.—** Alwasrs clear, never tedious." 

Va. Ed. Journal.- '* Excellent hints as to securing attention." 

Ohio Educational Monthly.—" We advise readers to send for a copy.** 

Pacific Home and School Journal.—" An excellent little manual." 

Preet. James H. Hooee, State Normal School, Cortland, N. Y., says:— 

•*The book mu«t prove of great benefit to the profession." 
Supt. A. W. Eoson, Jersey City, N. J., says:—" A good treatise has long 

keen needed, and Mr. Hughes has supplied the want.^* 
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Johnsons Education by T)oing, 

Education b^ I>oing : A Book of Edncative Ooonpations for 
Ghildren in School. By Akna Johnson, teacher to the 
Children's Aid Schools of New Tork City. With a prefatory 
note by Edward B. Shaw, of the High School of i onkers, 
t N. T. Handsome red cloth, gilt stamp. Price, 75 cents ; 
to ieachersg 60 cents ; by mai^ 5 cents extra. 

Thousands of teachers are asking the question: ** How can 1 
keep my pnpils profitably occupied?" This book answers 
the question. Theories are omitted. Every line is fall of in- 
stmotioiu 

1. Arithmetio is taught with blocks, beads, toy-money, etp. . 

2. The tables are taught by dock dials, weights, etc 

3. Form is taught by blocks. 

4. Lines with sticks. 

6. Language with pictures. 
€. Occupations are given. 

7. Everything is plain and practical 

EXTRACT FROM PREFATORY NOTE. 

««In observing tbe results ftchlered by the Eindergtirten, edueaton htsvn 
fAi that Sobers great discoyery of education by occupationB mnat haya 
something for the public achoola-— that a farther application of the ' pui 
ting of experience and action in the place of books and abatraot thinking, 
comd be made beyond the fifth or sixth year of the oliild's life. Thbi 
book is an outgrowth of this idea, conceiyed in the spirit of the 'New 
Bduoation.* 

*' It will be widely welcomed, we belieye, as it glyes concrete methods 
of work— the very aids primary teachers are in seiuroh ot There has beeii 
a wide discussion of the subject of education, and there exists no littlu 
confusion in the mind of many a teacher as to how he lOiould improt« 
Upon methods that haye been condemned." 

Snpt. J. W. Skinner, Children's Aid Schools, siys :— «* It is highly appim 

ciated by our teachers. . It supplies a want felt by all.** 
Toledo Blade.—" The need of this book has been felt by teachers." 
School Education*'-*-" Oontains a great many fruitful suggestions.*' 
Christian Adyanoe*— " The method is certainly philosophical." 
Va. Ed. Journal.^" The book is an outgrowth of Froebel's idea." 
Philadelphia Teacher.—" The book is full of practical informatioii.** 
Iowa Teacher.— "Kellogg's books are all good, but this Is the best fat 

teachers.** 
The Educationist—" We regard it as yery yaluable.** 
School Bulletin.— "We think well of this book." 
Chicago loteU^genoe.— " WiU be found a y««y serviceable book.** 
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Kellogg s School [Management : 

" A Practical Guide for the Teacher in the School-Room." 
By Amos M. Kellogg, A.M. Sixth edition. Revised and 
enlarged. Cloth, 128 pp. Price, 75 cents ; to teachers, 60 
cents ; by mail, 5 cents extra. 

This book takes up the most difficult of all school work, 
viz. : the Government of a school, and is filled with original 
and practical ideas on the subject. It is invaluable to the 
teacher who desires to make nis school a ''well-governed" 
schooL 

1. It suggests methods of awakening an interest in the 
studies, and in school work. ''The problem for the teacher," 
sapi Joseph Payne, " is to get the pupil to study." If he can do 
this he will be educated. 

3. It suggests methods of making the school attractive. 
Ninety-nine hundredths of the teachers think young people 
should come to school anyhow ; the wise ones know that a 
pupil who wants to come to school will do something when 
ne gets there, and so make the school attractive. 

8. Above ail it shows that the pupils will be self -governed 
when well governed. It shows how to develop the process of 
self-government. 

4. It lEdiows how regular attention and courteous behaviour 
may be secured. 

5. It has an admirable preface by that remarkable man and 
teacher. Dr. Thomas Hunter, Pres. N. Y. City Normal College. 

Home and SdhooL— "Is Just the book for every teacher who wishes 
to be a better teacher." 

Ednoational Journal.--** It contains many valuable hints." 

Boiton Journal of Edncation.— **It is the most humane, instructive, 
original educational work we have read in many a day.** 

Wis. Jonmal of Education.— ** Gonmiends itself at once by the num- 
ber of ingenious devices for securing order, industry, and interest. 

Iowa Central School Journal.— ** Teachers will find it a helpful and 
Buggestive book.** 

Canada Edncatlonal Monthly.—** Valuable advice and useful sugges- 
tions." 

Normal Teacher,—** The author believes the way to manage is to civ- 
ilize, cultivate, and refine.** 

School Moderator,— ** Contains a large amount of valuable reading; 
school government is admirably presented." 

Progressive Teacher,— ** Should occupy an honored place in every 
teacher*s library.** 

Kd. Conrant.- **It will help the teacher greatly.* 

Ta. Ed. Journal.—** The author dcmwi from a large experience.^ 
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Love's Industrial Education. 

&iduatrial Education ; a ^iiide io Vn-nnaT Tralnliu', ~ B7 
Samuel O. Lovb, principal of the Jamestown, ^, Y.) 
publio Bchoola. Cloth, ISmo, S30 pp. vdth 40 fnil-pafa 
plates containiiis nearlr 400 flguree. Price, $L5(f; to 
teachers, 91.20 ; tif mail, 12 cente extra. 

I, InivAtriai Education not understood, Frobal^ the onir 



flNDU5TRIAL- 
=EDUCATION= 




jLOVp- 



lught out the VToblem in a proctloal wb^ u 
Bamuel G, Love, the saperin- 
tendentof the Jameetown (N. 
Y.) schoola. Mr, Love has nov 
aboat a,400 children in the 
primary, advanced, and hieh 
schools under his charge ; he 
is Bsaisted b^ fifty teachers, bo 
that an admirable opportomty 
was oSereO. In 1874 (about 
fourteen yearn ago) Mr. Love 
began hia experiment ; gradu- 
ally he introduced oce occu- 
pation, and then another, uatal 
at laet nearly all the pupils are 
tdlowing some lorm ol educat- 
ing iror^ 

9. Why it is demanded. The 
reasons for introducing it are 
dearlr stated by Mr. Love. H 
waa done bccaose the educa^ 
tion of the books left the pu- 



not have a field ready for the student in book-lore. The state- 
ments of Mr. Love should be carefully read. 

8. It is an educational book, Ajiy one can give soma 
formal work to girls and boys. "What has been needed hau 
bees some one who could find out what is suited to the little 
child who is in the " First Reader," to the one who is in the 
"Second Keader," and so on. It must be remembered the 
effort is not to make carpenters, and type-settera, and drcoa- 
makers of boys and girls, but to edwmte them by thett oeonjptf 
tions better than without them. 
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Tavne's Lectures on 



Science and 



Abt of Education. Reading Oirde Edition. By Jossfb 
Patne, tlie first Professor of tbe Science and Art of Edu- 
cation in the College of Preceptoni, London, England. 
With portrait. 16mo, 860 pp., English cloth, with gold 
back stamp. Price, fl.OO ; to teaehers, 80 cente ; by mail, 



7 cents enia. 




7 edition from new plate*. 



Teachers who are seeking ts 
know tbe principles of education 
win find tnem clearly set forth in 
Uiis volume. It must be remem. 
bered that principles are the basis 
upon which all methods of teach- 
ing must be founded. So valu- 
able is this book that if a teacher 
were to decide to own but three 
works on education, this would 
be one of them. Tlus edition 
contains all of Mr. Pavne'a writ- 
ings that are in any otner Ameri- 
can abridged edition, and is the 
onlp one viith hie portrait. It ia 
far superior to any other edition 
pnbliBued. 
Josara Paths. 

WHY THIS EDITION IS THB BEST. 
(1.) The side-title*. These give the contents of ti'^e page. 
(3.) The analysis of each lecture, with reference to the Mwxin 
tional points in it. (8.) The general analysis pointing out the 
three great principles found at the beginning. (4.1 The index, 
where, under such heads as Teaching, Education, The Child, 
the important utterances of Mr. Payne are set forth. (6.) 
Its handy shape, large type, fine paper, and press-wca'k and 
tasteful bindiuK' AJl of tnese features make this a most tsI- 
uable book. To obtain all these features in one edition, It 
was found neoeaaary to get out this neio edition, 

Ohio Eduwtional Honthly,— "It does not deal witb ehudowy taeorlMl 
It IB int^Dtioly prnutlvnl." 
fblUdelpola Ednoatlonftl Haws,—" Ougtit to bo in llbrarj' ot ersry 



,.„„ -6 teacbev." 

EanoBtianal CoorBnt.— ' 
■ tnowleilffe of ' 



X ot pRKtioal vBltM te 
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Parker's Talks on Teaching. 

Hotraof "lalkBon Teaching" ffivea by COL. FKAif 019 W. 
Parser (fonneily Superintenaent ofechools of Quincy, 
HaseOi before the Martha's Vineyard Institute, Summer 
of 1883. Report«d by Leua E. Patridqb. Squara lemo, 
Ei6 1-2 inches, 193 pp., laid paper, English cloth. Price, 
11.35 ; to ieachera, f 1.00 ; bj mail, 9 centa extra. 
The methods of teaching employed in the echools of Quincy, 
Haas., were seen to be the methods of nature. As they were 
copied and explained, they awoice a great desire on the part 
of those who could not visit the schools to know the underly- 
ing principles. In other wonls, Colonel Parker was asked to 
explain tmy he had his teachers teach thus. In the summer 
of 1882, in reeponee fo requests, Colonel Parker gave a course 
of lectures before the Martha's Vineyard Institute, and these 
were repented by Miss Patridge, and published in this book. 
The book became famous ; 
more copies were sold of it in 
the same time than of exij 
other educaticmal book what- 
ever. The daily papers, which 
usually pass by such books 
with a mere ntention, devoted 
columns to reviews of it. 

The following points will 
show why the teacher will 
want this book. 

1, It explains the " New 
Methods." There is a wid* 
gulf between the new and tlis 
old education. Even school 
boards understand this. 

3. It gives the underlying 
principles of education. For it 

^sj'ker is not expounding Ma 

methods, but the methods of nature. 

8, It gives tlie ideas of man who is evidently an " educa- 
tional gmius," a man bom to understand and expound educa- 
tion. We have few such ; they are worth everything to the 
human raoe. 

4. It gives a bi<^raphy of Col. Parker. This will help the 

tMcber of education to comprehend the man and hia niotivea. 

A It has been adc^ted \b( ILearlr aver7 State Beading Circla, 




be remembered that Col, 
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T^atridges "" Quincy 0\4etbodsy 

Xhe '' Qmncy Methods," illustrated ; Pen photographs fron) 
the Quincy schools. By Lelia E. Patbidgb. Illustrated 
with a number of engravings, and two colored plates. 
Blue cloth, gilt, 12mo, 686 pp. Price, $1.75 ; to teacherSt 
$1.40 ; by mail, 18 cents extra. 
When the schools of Quincy, Mass., became so famous 
ander the superintend^ice of Col. Francis W. Parker, thou- 
sands of teachers visited them. Quincv became a sort of 
'* educational Mecca," to the disgust of the routinists, whosQ 
schools were passed by. Those who went to study th€ 
methods pursued there were called on to tell what thej ^^ 
seen. Miss Patridge was one of those who visited the schools 
of Quincy ; in the Pennsylvania Institutes (many of which 
she conducted), she found the teachers were never tired of 
being told how thin^ were done in Quincy. She revisited 
the schools several tunes, and wrote down what she saw ; then 
the book was made. 

1. This book presents the actual practice in the schools of 
Quincy. It is composed of '* pen photographs." 

2. It gives abundant reasons for the great stir produced by 
the two words " Quincy Methods." There are reasons for the 
discussion that has been going on among the teachers of late 
years. 

8. It gives an insight to principles underlying real educa- 
tion as distinguished from book learning. 

4. It shows the teacher not only what to do, but gives the 
way in which to do it. 

5. It impresses one with the spirit of the Quincy schools. 

6. It diows the teacher how to create an atmosphere of hap* 
piness, of busy work, and of progress. 

7. It shows the teacher how not to waste her time in worry 
ing over disorder. 

8. It tells how to treat pupils with courtesy, and get cour- 
tesy back again. 

9. It presents four years of work, considering Number, 
Color, Direction, Dimension, Botany, Minerals, Form, Lan- 
guage, Writine, Pictures, Modelling, Drawing, Singing, 
Geography, Zoology, etc., etc. 

10. Tnere are 686 pa^es; a larg;e book devoted to the realities 
of school life, in realistic descriptive language. It is plain, 
real, not abstruse and uninterestmg. 

11. It gives an ininght into real education, the eduoatimr 
urged by Pestalozzi, fro^belt ]||ann« Page, Parker, eto. 
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T^ereis First Three Years of Cbildbood. 

An Exhaustiyb Study of the PsTcnoLOOT op Childbbn. By 
Bebnabd Pekez. Edited and translated by Alice M. Chbistie, 
translator of " Child and Child Nature," with an inti'odnction by 
James Sully, M.A., author of "Outlines of Psychology," etc. 
12mo, cloth, 8^ pp. Price, $1.50; to teachers^ $1.20; by mail, 10 
cents extra. 
This is a comprehensive treatise on the psychology of childhood, and 
Is a practical study of the human mind, not full formed and eqiiipped 
with knowledge, but as nearly as possible, ab or^we— before habit, 
enyironment, and education haye asserted their sway and made their 
permanent modifications. The writer looks into all the phases of child 
activity. He treats exhaustively, and in bright Gallic style, of sensa^ 
tions, instincts, sentiments, intellectual tendencies, the will, the facul- 
ties of fiesthetio and moral senses of young children. He shows how 
ideas of truth and falsehood arise in little minds, how natural is imita* 
tlon and how deep is credulity. He illustrates the development of im- 
agination and the elaboration of new concepts throi;gh judgment, 
abstraction, reasoning, and other mental methods. It Is a book that 
has been long wanted by all who are engaged in teaching, and especially 
by all who have to do with the education and training of child^n. 

This edition has a new index of special value, and the book is care- 
fully printed and elegantly and durably bound. Be sure to get our 
stan^ird edition. 

OUTLINE OF CONTENTS. 

CHAP. 

I. Faculties of Infant before Birth 
—First Impression of New- 
bom Child. 
II. Motor Activity at the Begin- 
ning of Life— at Six Months— 
—at Fifteen Months, 
m. Instinctive and Emotional Sen- 
sations—First Perceptions. 
IV. General and Special Instincts. 
V. The Sentiments. 
YI. Intellectual Tendencies— Ver- 
acity— Imitation— Credulity. 
Vn. The wm. 

VIII. Faculties of Intellectual Acqui- 
sition and Retention-Atten- 
tion— Memory. 

Col. Francis W. Parker, Principal Cook County Normal and Training 
School, Chicago, says:- **I am glad to see that you have published Perez's 
wonderful work upon childhood. I shall do all lean to get everybody to read 
It. It is a grand work." 

John Basoom, Pres. Univ. of Wisconsin, says:-" A work of marked 
Interest.'* ^ 

O. Stanley Hall, Professor of Psychology and Pedagogy, Johns Hopkins 
Univ., sitys:— " I esteem the work a very valuable one for primanr and kin- 
dergarten teachers, and for all interested in the psychology of childhood.'* 

Jbnd mo/ny other strong commendations. 



CHAP. 

IX. Association of Psychical States 

- Association— Imagination. 
X. Elaboration of Ideas— Judg- 
ment — Abstraction — Com- 
parison — Generalization — 
Keasoning- Errors and Allu- 
sions— Errors and Allusions 
Owing to Moral Causes. 

XI. Expre^on and Language. 
XII. Esthetic Senses — Musical 
Sense — Sense of Material 
Beauty — Constructive In- 
stinct—Dramatic Instinct. 
XTTT. Personalty— Reflection— Moral 
Sense. 
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Quick's Educational Reformers. 

By Bey. Bobebt Hebbebt Quick, M. A., of Trinity Oollege, 
Cambridge, England. Bound in plain, bnt elegant olotii 
binding. 16mo, abont 350 pp. $1.00; to teachers, tK) ots.; by 
mail, 10 cts. extra. 

New ediUan wUh topical headmge, chirondogical tabk and other aids 
for systemoHc study in normal schools and readrng-cvrdes. 

No book in the history of education has been so justly ^pnlar 
as this. Mr. Quick has the remarkable faculty of grasping the 
salient points of the work of the great educators, and restating 
their ideas in dear and -vigorous language. 

This book supplies information that is contained in no other 
single volume, touching the progress of education in its earliest 
stages after the reYiyaiof learning. It is the work of a practical 
teacher, who supplements his sketches of famous educationists 
with some well-considered observations, that deserve the atten- 
tion of all who are interested in that subject. Beginning with 
Boger Asoham, it gives an account of the lives ana schemes of 
most of the great thinkers and workers in the educational field, 
down to Herbert Spencer, with the addition of a valuable appen- 
dix of thoughts and suggestions on teaching. The list includes 
the names of Montaigne, Batich, Milton, Oomenius, Locke, Bous- 
seau, Basedow, Pest^ozzi. and Jacotot. In the lives and thoughts 
oi these eminent men is presented the whole philosophy of edu- 
cation, as developed in the progress of modem times. 

This book has been adopted by nearly every state reading-circle 
in the country, and purchased by thousands of teachers, and is 
used in many normal schools. 

Contents: 1. Schools of the Jesuite; 2. Ascham, Montaigne, 
Batich, Milton; 3. Comenius; 4. Locker 5. Bousseau's Emile; 6. 
Basedow and the Phihoitilropin ; 7. P6stalo2szi; 8. Jacotot ; 9. 
Herbert Spencer; 10. Thoughts and Suggestions about Teaching 
Children; 11. Some Bemarks about Moral and Beligious Educa- 
tion; 12. Appendix. 

OUR NEW EDITION. 

Be sure to get K L. Eellogg's edition. There are other editions 
in the market that are not omy higher in price, but very inferior in 
binding and typography and without the paragraph headings that 
are so useful. Our edition is complete with all these improve- 
ments, is beautifully printed and exquisitely bound in doth, and 
the retail price is only $1.00, with discounts to teachers an^read- 
ing-oircles. 
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Rapid Tractice Arithmetic Cards . 

Invented by J. Newton Smith, and Patented September 11, 1888. 

Put up in neat boaoes^ 89 9et§ of 60 eardm each, each card eontaininff 
from ome to four tmankplta, no tvoo alike, Price, SO eta, each, 
postpaid. Seta of3>9 in handaon^e wooden bo», $19, net. 

These cards are so arranged that a teacher can assign work to 
each indmdoal pupil, and different work too, loUhoTd loss of time. It 
also enables one to keep knowledge of the assignment without a 
memorandnm, to supervise the whole without toeanne^^ or anxiety, 
to take results of the pupils' work without consulting the book of 
answers, and to do all with febfbct ease. The series covers the 
subjects named below, both in abstract and concrete work, each 
set being independentf yet the whole series forming a graded course. 
The concrete work has been prepared with care to avoid technicdH- 
ties and ambiguities, but to make applications of principles and 
operations, in the use of conditional questions relating to all kinds 
01 business and pursuits. 

All concrete work has 60 cards in each box. There are 4 sam- 
pies on each card, making 240 examples in eadx box, no ttoo alike, 
wit^ answers to each, vjhich ininsible to all except to the teacher, 
who has the key card. Order by number. 

1. ABDinOKy Xntroductory Ko. t 



2. 
3. 
4. 

6. 
6. 



<« 



tt 



«< 



i< 



(( 



Ko.2. 
Primary. 
Intermediate. 
Gram. Grade. 
Ledger Col. 

7. SUBTRACTION. C. 

8. «• B. 

New No. 8. Concrete Work in Addi- 
tion and Subtraction. (Near^ 
ly Ready.) 

9. SUBTBACnON. A. 

10. H17LTIPLICATI0N. C. 

11. •• B; 

12. •* A. 

13. DIVISION. C. 
U. •• B. 
16. " A. 



16. 

17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
80. 

31. 



32. MEASUREMENT 



FUNDAMENTAL OFEBA- 

TIONS. 
ANALYSIS. 
BILLS. 
FRACTIONS. B. 

A. 
ANALTSIS-FRAOnONS. 
DECIMAL FRACTI0N8. 
METRIC STSTEM. 
PERCENTAGE. B, 

A, 
INTEREST. 
DISCOUNT. 

WEIGHTS AND MEAURE8. 
PRO PORTI ON. 
PARTNERSHIP AND ASSESS- 

MENT. 

MEASUREMENT. 
ADVANCED. 



*' I beliere your System of Rapid Praotioe Oards would be of great adyantace ia 
teaohing aritnmetio in our pablic schools; especially in makinc pnpils familiar 
with the modhanieal operaHont m which they are often found to be dencient." 

EDWARD BROOKS, Supt. of Schools, Philadelphia, Pa. 
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Reinbarfs Outline History of Education. 

With chronologioal Tables, Snggestions, and Test Questions. 
By J. A. Beinhabt, Ph. D. Teachers' Professional Library. 
77 pp., limp cloth, 25 cents; to teachers, 20 cents; by mail 2 
cents extra. 

This is one of the little books intended to be studied in con- 
nection with Thb Tbaohebs' Pbofession. The publishers, by 
means of these publications bring to the very doors of those 
teachers who lack the opportunity to attend a normal school a 
clumce to improve in the art of teaching. " Outlines of History 
of Education " is what its name implies, a brief but oomprehen- 
siye presentation of the main facts in educational progress. The 
chapters are: Introduction; Education among the Greeks; Educa- 
tion among the Bomans; Education in the Middle Ages; the 
Dawn of the New Era; Education and the Beformation; Educa- 
tion in the Seyenteenth Century; Education in the Eighteenth 
Century; Education in the Nineteenth Century. A thorough 
study of this book will be a good foundation for a more detailed 
study of the subject. The book is well printed from clear, lar^e 
t^e, with topic heads and questions, and is durably bound in 
bmp cloth. 

Reinbarfs Outline Principles of Education 

By J. A. Beinhabt., Ph. D. Teachers' Professional Library. 
68 pp., limp doth, 25 cents. 

To give an outline of a ^eat subject, including nothing trivial 
and leaving out nothing important, is a great art. This difficidt 
task has been successfmly performed by the author of this small 
volume, who is an educator of long experience, and a thorough 
student of the science of education. The first two chapters give 
a. general view of the subject, and the other chapters treat 
of the intuitive, imaginative, and logical stages of education, and 
the principles of moral education. This is one of the volumes 
intended to be studied in connection with the monthly paper, 
The Tbaohebs' Pbotession. Type, printing, binding are neat and 
durable, and like the History by same author. 

Bbznhabt's Civics in Edxtgation, 

is another little book of same price and number of pages. Beady 
Nov. 1891. 



\ 
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Reception Day. 6 cKos. 

A collection of f reBh and original dialogues, recitations, decla- 
ma^ns, and short pieces for practical use In Public and 
Private Scliools. Bound in handeome new paper cover, 190 
pages eacli, printed on laid paper. Price, 80 cents each; ta 
tetuheri, 31 cents; bj mail, 3 cents' extra. 

The exercises in these books bear upon education; have a Tela- 
Hon to the school room 



_ this volume being &esh, short, 

"**/T"fc?~l"?^SP53LT "■°^ easy to be comprehended, are 

Ht tWE3^»iiIW^1 1 3 They have mainly been used 
TV/a^aaNQ J 'by teacfiere for aetW school 




8 Theycoveradlfferentground 

P from the speeches of Demostbenes 

Land Cicero— which are unfitted 

}t I for boys of twelve to aixteen 

?> l years of age. 

J 4. Tbeybavo some practical in- 
terest for those who use tbem. 

S. There is not a vicious sen- 
tence uttered. In some dialogue 
books profanity is found, or dis- 
obedience to parents encouraged, 
or lying laughed at Let teat^ets 
e look out for this. 
^ - - ^ 6. There is something for the 

-._w Cowxa. youngest pupils. 

T. "Memorial Day Exercises" for Bryant, Qarfield, Lincoln, 
etc., will be found. 

8. Several Tree Planting exercises are Included. 

9. The exercises have relation to the school-room, and bear 
upon education. 

10. An important point is the freshness of these fAecw. Host 
of them were written expressly for this coUectloo, and can 69 
found wnoluTe elte. 

Boston Jannul of Ednoation.— " it is of prsctlc^ ratue." 
Detroit Ttm Ptm,— " Buii^iblB for publio uid piiiKte achooli." 
IFrMtars Xd. Journal.—" A series of very sood m' 
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WHAT EACH NUMBER CONTAINS. 



No. 1 

Is a specially fine number. One dia- 
logue in it, called '* Work Conquers," 
for 11 girls and 6 boys, has been given 
hundreds of times, and is alone worth 
the price of the book. Then there 
are 21 other dialogues. 
29 Recitations. 
14 Declamations. 
17 Pieces for the Primary Class. 

No. 2 Contains 

89 Recitations. 

12 Declamations. 

17 Dialogues. 

24 Pieces for the Primary Class. 

And for Class Exercise as follows: 

The Bird's Party. 

Indian Names. 

Valedictory. 

Washington's Birthday. 

Garfield Memorial Day. 

Grant 

Whittler 

^goumey 
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No. 3 Contains 

Fewer of the longer pieces and more 

of the shorter, as follows : 

18 Declamations. 

81 Recitations. 

22 Dialogues. 

24 Pieces for the Primary Class. 

A Christmas Ejceroise. 

Opening Piece, and 

An Historical Celebration. 
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No. 4< Contains 

Campbell Memorial Day. 

Longfellow ** 

Michael Angelo " 

Shakespeare 

Washington 

Christmas Exercise. 

Arbor Day ** 

New Planting 

Thanksgiving 

Value of Knowledge Exercise. 

Also 8 other Dialogues. 

21 Recitations. 

28 Declamations. 

No. 5 Contains 

Browning Memorial Day. 
Autumn Exercise. 
Bryant Memorial Day. 
New Planting Exercise. 
Christmas Exercise. 
A Concert Exercise. 
24 Other Dialogues. 
16 Declamations, and 
86 Recitations. 

No. 6 Contains 

Spring; a flower exercise for veiy 

young pupils. 
Emerson Memorial Day. 
New Year's Day Exercise. 
Holmes' Memorial Day. 
Fourth of July Exercise. 
Shakespeare Memorial Day. 
Washington's Birthday Exercise. 
Also 6 other Dialogues. 
6 Declamations. 
41 Recitations. 

15 Recitations for the Primary Class. 
And 4 Songs. 



Our Reception Day Series is not sold largely by booksellers, 
who, if they do not keep it, try to have you buy something else 
similar, but not so good. Therefore send direct to the publishers, 
by mail, the price as above, in stamps or postal notes, and your 
order will be filled at once. Discount for quantities. 



SPECIAL OFFER. 

If ordered at one time, we will send postpaid the entire 
6 Nos. for $1.40. Note the reduction. 




Seeky's Grube's Method of Teaching 

ABITHUETia Explained ami Ulnstiratod. Also the im- 
DTOTementB OD the method made bj the foUowera of 
Grub6 in Oermanj. By Ixn SkbiJt, Ph.D. Cloth, 
178 pp. Price, $1.00; to Uachert 80 cents ; by mail, 
7 cents extra. 

1. It 13 A Philosophical 
'Wore. — Thie book has a sound 
philoBophical basiB. Hie child 
ooee not (aa most teachers seem 
to think) learn addition, then 
mibtraction, then mnllaplica- 
tion then division; he learns 
theeeprocesaee together, Qrubd 
saw this and founded his bjs< 
tern on this fact. 

3 It Follows Natdbts 
Plan — (irub6 proceeds to d^ 
velop (aa to speak) the metbod 
hj which the child actually ba- 
comea (if he ever does) ac- 
quainted with 1, 2, 8, 4, S, etc. 
This 18 not done, as some sup- 
pose, by writiiig them on a 
slate Nature has her method ; 
DR. LMTi BEKLST. fibe begins with thinob; after 

hartHing two things in certain wutb, the idea of two is ob> 
tained, and so of other numbers. The chief valve of thig 
book then eonsiatt in shoviing what may be termed the wag 
no/ure teaches the child number. 

9. It is Valuable to Fbihaby Teachbrs.— It begins and 
^ws how the child can be tanght 1, then 2, (hen 8, &o. 
a work especiaJl}^ Taluabte for the primarj teactm. 
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methods of teadung fraotione, percentage, etc., so that it is a 
work valuable for all classes ot teachers. 
S It Guides thk Tbacheb's "Wore, — It shows, for exam- 

Sle, tfhat the teacher can appropriatelj do the first vear, what 
le second, the tiiird, and Uie fourth. Uore than this, it sag* 
gssts work for the teacher she would otherwiae omit.' 

Taking it altogether, it is the best work on teachln;^ 
^BreyarpubUahed, Itia veijluuidaomelf printed and bi 
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Prot E. A. Sheldon, FI1.D., Precddent Oswego Normal Schodlf 
V. T. ** It is an admirable presentation of the method. It seems to me ths 
best that has been given us. The number of practical examples and the 
clearness with which every point is presented are admirable features.*' 

Prof. Eugene Bonton, Principal Normal SchooL New Palti, N. Y. 
** It throws new and needed light on the subject of teaching arithmetic. 
Everv teacher owes the author a double gratitude; all will welcome so 
complete and intelligible an exposition of the system.'* 

Prof. Thomas M. Balliet, Snperintendent of Schools, Springfleld, 
Mass. " It is the best exposition of the Grube Method as now denned by 
his disciples than exists in English or in German. I know of no one who is more 
competent to inttfpi'ct this now famous method than Dr. Seeley." 

Wm. C. Boberts, D.D., LL.D., Pres. Lsike Forest University, 111. 

** It is to be hoped that this philosophical and masterly method of teaching 
numbers will be introduced and Uioroughly tested in the schools of America. 
No teacher who wishes to keep abreast of the march of progress in the direc- 
tion of education can afford to be without it.** 

Sant. L. B. Elemm, CUnoinnati, Ohio. ** You have done the American 
school and the vast army of primary t«ichers in this country a valuable 
service by offering to the public " GruDe*s Method " in English garb.*' 

Principal W. £• Gordon^ Patehogne, L. L " Dr. Seeley has presented 
the Grube Method in a plain and complete manner. The book is full of 
excellent suggestions for primary schools whether they adopt the Grube 
Method or not." 

Prin. J. E. Yonng, New Bochelle, N. T. ** If this method were 
taught we should obtain far better results than we now have. I have prided 
myself on the work done in my primary classes, but I can see how it can be 
greatly improved. 

Prof. Praneis W. Kelly, Lake Forest University, HI. " This Uttle 
volume may be accepted as the best pedagogic hand-book of the subject 
accessible to the teacher. When one sees Uie time wasted here in teaching 
arithmetic (compared wiUi Germany) he sees the need of this book.** 

The Journal of Education, (Boston,) says ; The chief value of the 
book consists in showing the way nature teaches the child numbers." 

Seeley* s Grube Idea in Teaching Primary 

Arithmetic. Elements of the Grube Method, containing the 
latest improvements made by Grub^'^ followers in Germany. 
Bevised, explained, and illustrated for the use of the teach- 
ers of America. 12mo, 64 pp., limp cloth cover. Price, 30 
cents; to teachers, 24 cents; by mail, 3 cents extra. 

Very many teachers have called for the primary work only of 
Mr. Seeiey's well-known larger book (which we may say gains 
year by year in popularity), so he has prepared this little volume. 
it is printed in large type, with illustrations, and should meet 
with a lar^e sale among the primary teachers because it expounds 
the scientific way of teaching the first steps of arithmetic. 
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IVelcb's Teachers' Psychology. 

A Treatise on the Intellectual Riculties, tlie Order of the 
Growth, and the Correspouding Series of Studies by which 
they are Educated. By the late A. 8. Welch, Profcseor of 
Psychology, Iowa Agricultural College, formerly Free, of 
the Hich. NonnRl Bchool. Cloth, 13mo, 8D0 j>p., fl.25; 
ttaehen, fl; by mail, 13 cents extra. Special terms to 
Normal Schools and Reading Circles. 
A mastery of the branches to be taught was once thought to he 
an all-Bufflcient preparation for teaching. But It Is now seen that 
(here must be a knowledge of the mind that is to be trained. 
I^ychology is the foundation of intelligent pedagory. Prof. 
Welch undertook to write a book that should deal with mind- 
unfolding, as exhibited in the 
school-room. He shows what is 
meant by attending, memorizing, 
judging, abstracting, imagining, 
classifying, etc., as it is done by 
the pupil over his text-books. First, 
there is Ihe eiyneept; then there is 
(1) gathering concepts, (3} storing 
concepts, (3) diyidmg concepts, 

ii) abstracting concepts, (5) bulld- 
og concepts, (6) grouping con- 
, cepts, (7) connecHng concepts, 
it (8) deriving concepts. Esch of 
ik these is clearly explained and fl- 
iustrated ; the reader instead of 
being bewildered over strange 
terms comprehends thsi imagina- 
tion means a building up of con- 
cepts, and BO of the other terms. 
Db. A. R Wkloh. ^ „og(. valuable part of the l)ook 

is its application to practicaJ education. How to train these 
powers that deal with the concept— that is the question. There 
must be exercises to train the mind to gnUwr, store, divide, abglraet, 
build, ffroup, etmneel, and deritie concepts. The author shows 
what studies do this appropriately, and where there arc mistakes 
made in the selection of studios. The book will prove a valuabla 
one to the teacher who wishes to know the structure of the mind 
and the way to minister to its growth. It would seem that at 
last a psychology had been written that would be a real aid, In- 
stead 01 a hindrance, to clear knowledge. 
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